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FOREWORD

This report presents the results of a two-year reconnaissance investigation of the South
Fork Eel River basin.

The objective of this study was to analyze possible water development projects in the
basin which might be constructed for local water supply, flood control, recreation, and fisheries
enhancement. The Department of Water Resources initiated this study under the provisions of

Sections I2616 to 1263^* of the Water Code, on the basis of recommendations in Bulletin No. 92,

"Branscomb Project Investigation", February I965, sind the comments received at the public hearing
on that bulletin.

Included in the South Fork Eel River Study were preliminary examinations of all known dam

and reservoir sites in the basin and more detailed evaluations of the several more favorable of these
sites. As a result of the investigation it was concluded that two developments, Cahto Reservoir
Project on Tenmile Creek and Panther Reservoir Project on the East Branch of the South Fork, are
economically justified. The Cahto Project would be an excellent multipurpose development, oriented

primarily toward recreation. The Panther Project would be primarily for water conservation and

vrould be economically justified only if a demand develops within the study area for the conserved
water. The Cahto Project should be given primary consideration as the initial development vdthin

the South Fork Eel River Basin.

Vjilliani R. Giaiieiii, Director
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State of California
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ABSTRACT

The SouTih fork Eel River v/as the first basin to be surveyed under the local

project phase of the continuing North Coastal Area Investigation of the Department of

Water Resources./ Largely because of Higliv/ay 101 and the redvood parks, the basin has more

local population than other interior basins in the North Coastal area north of the Russian

River. The relatively accessible scenic area attracts a tremendous summer visitor popu-

lation. The area needs flood control, future municipal and suburban water supplies,

increased summer streamflows for recreation and fisheries enhancement, and reservoir

recreation opportunities. Purthermore, because of its geographic location, the South

Fork Eel River Basin cannot logically be supplied vdth v/ater by any proposed major North

Coastal developments./ The water resources of the basin are almost completely undeveloped.

Runoff from the basin, amounting to about 1.5 million acre-feet per year, occurs prin-

cipally in the vdnter. Streamflows in the summer and early fall, when water require-

ments are highest, are at present barely adequate to meet the existing needs./ Ifejor flood

control works on the main stem of the South fork Eel River are impractical due to ex-

cessive costs and the potential adverse effect on anadromous fish. The most practical

measure to prevent flood damage would be a comprehensive program of floodplain management./

Of the projects evaluated, two were found to merit consideration for future development,

the Cahto Project on Tenmile Creek and the Panther Project on the East Branch of the

South Fork Eel River./ Appendixes include project evaluation reports oy the Department of

Parks and Recreation and the Department of Fish and Game.
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CHAPTER 1. SUMMARY

The development of new water supplies in the North Coastal area

is recognized as one of the keys to sustsiining California's dynamic growth.

Over the past 20 years the Department of Water Resources and predecessor

agencies have been formulating a planning framework to assure that each

new project in this area represents a logical and orderly increment in

long-range development. The initial phases of the Department's North

Coastal studies were centered on major projects to conserve the surplus

waters of the area. Following the publication of Biilletin No. 136, "North

Coastal Area Investigation", in 1964, continiiing studies of the North

Coastal area were divided into two main parts: (l) major project studies

to plan large conservation developments and (2) local project studies to

identify possible projects to supply the needs of areas that could not be

served by the proposed major developments. The South Fork Eel River was

the first basin to be surveyed under the local project phase of the con-

tiniiing North Coastal Area Investigation.

Background

The South Fork Eel River Basin was selected as the first area

to be surveyed for local projects for several reasons. Largely because

of Highway 101 and the redwood parks, the basin has more local population

than other interior basins in the North Coastal area north of the Riissian

River. The relatively accessible scenic area attracts a tremendous summer

visitor population. The area needs flood control, future mtinicipal and

industrial water supplies, increased summer streamflows for recreation and

fisheries ennancement, and reservoir recreation opportunities. Further-

more, because of its location, the South Fork Eel River Basin cannot

logically be supplied with water by any proposed major North Coastal

developments

.

The Department had previously investigated the Branscomb Project,

a development on the headwaters of the South Fork first pointed out in

Bulletin No. 3, "The California Water Plan". The final report on that
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investigation recommoaded that this project not be authorized until studies

of alternative projects on a basin-wide development concept for the South

Fork Eel River Basin were completed.

In accordance with a legislative resolution, the Department in

1964 made a preliminary examination of a possible dam and reservoir project,

called Lower Lake Benbow, on the South Fork near Garberville. Primarily

because of its possible damage to migrating fish, the Department did not

recommend further action on that project, but recommended a basin-wide

study of alternatives. Thus, the South Fork Eel River Study was a logical

step following both the first phase of the North Coastal Area Investigation

and the Branscomb Project Investigation.

The South Fork Eel River Study relied heavily on previous depart-

mental studies of the Eel River Basin. The principal sources of informa-

tion were:

1. Btilletin No. 92, "Branscomb Project Investigation",

February 1965. This study of the proposed Branscomb Dam and

Reservoir on the upper South Fork was inconcl\isive due to the

lack of determination of fisheries benefits and detriments. The

report provided a valiiable reference for problem areas, specifi-

cally on fisheries. The recommendation in Bulletin No. 92 for

a basin-wide investigation of the South Fork Eel River led to

the initiation of the South Fork Eel River Study in July 1965.

2. Bulletin No. 94-8, "Land and Water Use in the Eel River

Hydrographic Unit", August 1965. This report presents detailed

basic data regarding land and water use and apparent water rights

in the Eel River Basin. The hydrographic unit and subunit

boundaries delineated in Bulletin No. 9^-8 were used to subdivide

the South Fork Basin study area as shown in Figure 1.

3. Appendix A, "Watershed Management in the Eel River Basin",

to Bvaietin No. 136, "North Coastal Area Investigation", September

1966. This appendix deals with current and historical watershed

management problems of the Eel River Basin, the responsibilities

of state and federal agencies with respect to watershed manage-

ment, and the watershed management needs in the Eel River Basin.



k. Bulletin No. 1^12-1, "Water Resovirces and Future Water

Reqiilrements, North Coastal Hydrographic Area", April I965. This

basic data report presents detailed information on the water

resources and future water requirements of a portion of the North

Coastal area, including the Eel River Basin.

5. Bulletin No. 160-66, " Implementation of the California

Water Plan", March 1966. This report contains current estimates

of growth in population and water reqiiirements for California and

the sizing and timing of futirre water projects which now appear

to he needed by the year 2020. Together with Btilletin No. 1^4-2-1,

it provided the basis for estimating future water reqiiirements

of the South Fork Basin study area.

In addition to the above reports, the South Fork Eel study was

influenced by a report prepared by a consulting engineer, Mr. Otto C.

von Seggem, and presented at the public hearing on Bulletin No. 92. His

report, entitled "Preliminary Planning Report on Plans for South Fork Eel

River Multipurpose Project as an Alternative to the Branscomb Bxilletin

No. 92 Site Plans", proposed the construction of reservoir developments

on main tributaries to the South Fork Eel River, to provide streamflow

regulations, water conservation, and water surface for recreation. The

report also included a proposal for low-level check dams to create recre-

ation pools at selected sites along the South Fork Eel River. These

would be constructed as needed near state parks and local communities.

The South Fork Eel River Study closely paralleled the ideas and objectives

presented in Mr. von Seggem 's report.

The above reports and other references used in preparing this

report are listed in Appendix A, Bibliography.

Objectives and Scope

The objective of the South Fork Eel River Study was to identify

possible local projects in the basin which might be constructed for local

water supply, flood control, recreation, and fisheries enhancement.

Economically justified projects which would merit more detailed studies

were to be selected and appropriate recommendations made regarding the

additional studies needed.
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Preliminary examinations were made of all known dam eind reser-

voir sites in the basin with respect to water supply yields, geologic

conditions, recreation values, and fish and wildlife enhancement values.

The several more favorable of these project sites were examined in more

detail, including flood control evaluations. Three projects showed suffi-

cient potential to warrant reconnaissance-level analysis of engineering

feasibility and economic justification.

A limited study was also made of low dams on the main stem of

the South Fork Eel River for recreation.

Conclusions

The South Fork Eel River Basin is rich in natural resources,

including water, timber, fish and wildlife, and magnificent redwood

forests. The orderly and timely development of these resoiirces is essen-

tial to the future economic growth of the basin.

The water resources of the basin are almost completely \indeveloped.

Runoff from the basin, about I.5 million acre-feet per year, occurs prin-

cipally in the winter. Streamflows in the summer and early fall, when

water reqioirements are highest, are barely adequate to meet the existing

needs. The basin needs water development projects to conserve the winter

runoff, to provide flood control, to provide additional water in the

summer for xirban and irrigation use, and to enhance recreation and fishery

potential

.

The South Fork Basin is susceptible to damage by flooding and

will probably remain so for some time. The flood control potential of

developments on the tributary streams is very limited due to the small

percentage of the total surface runoff that could be controlled. Major

flood control works on the main stem of the South Fork Eel River are

impractical due to excessive costs and the potential adverse effect on

anadromous fish. The most practical meastire to prevent flood damage

would be a comprehensive program of floodplain management. Some lands

within the floodplain would be ideally suited for recreational use.

Low-level temporary dam structvires have been lised at variovis

locations in the basin for many years. These stinctures appear to have
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an excellent potential for recreational development. The Department of

Parks and Recreation believes that such structxires should occupy an im-

portant position in futvire planning in the basin. Studies of low-level

dams would logically be initiated by any local community directly affected

by a proposed project.

There will be a large increase in water reqviirements in the study

area in the futvire; the combined req.uirement of the South Fork Basin and

the Lower Eel subunit will increase from the present level of 30,000 acre-

feet per year to an estimated 71,000 acre- feet by the year 2020 and to

about 9^,000 acre-feet by the year 2070. The population of the basin will

increase from 10,500 (I960) to about 59,000 by the year 2070.

Project Analyses

Of the 2k potential damsites siirveyed, only three were selected

for detailed economic analysis. The remaining sites were dropped from the

study for various reasons, primarily unsound geologic conditions and lack

of potential for recreation development. As a resiilt of the economic

analysis of these three projects, the following conclusions were reached:

1. The Cahto Project on Tenmile Creek, with a reservoir

storage of 95,500 acre- feet, could provide 20,000 acre-feet of

flood control storage; a firm yield of l8,000 acre-feet per year

for urban, recreation, and agriciiltural use; an increase of about

3,200 king and silver salmon in the commercial catch and 1,100

salmon and steelhead in the sport catch; and would ultimately

provide for about 3,750,000 visitor-days per year of water-

associated recreation use. The project is economically justified,

with a ratio of benefits to costs of 2.11 to 1.00. Construction

of this project in coordination with the planned improvement of

Highway 101, currently scheduled for about 1975, could resiilt in

substantial economies.

2. The Panther Project on the East Branch of the South Fork

Eel River, with a reservoir storage of 8o,200 acre- feet, would

provide a firm annual yield of 63,000 acre-feet for industrial,

lurban, recreation, and irrigation use; an increase of about

5,000 king and silver salmon in the commercial catch, and

1,800 salmon and steelhead and 17,500 trout in the sport fishery;
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and environment for up to 56,000 visitor-days per year of water-

associated recreation. The project is economically jiostified and

has a benefit-cost ratio of 1.1^+ to 1.00.

3. The Standley Project on the upper South Fork Eel River,

with a reservoir storage of l6,500 acre-feet, wovild provide a

firm yield of 2,500 acre-feet per year for urbaja and recreation

use; an increase of about 1,300 silver salmon in the commercial

catch, and 550 salmon euad steelhead and 9>000 trout in the sport

fishery; and environment for up to 60,000 visitor-days per year

of water-associated recreation. The project is not economically

jiistified under present conditions, since the ratio of benefits

to cost is 0.76 to 1.00.

Basin Development

Initial development of the water resources of the South Fork

Eel River Basin could best be accomplished by the construction of the

CaJato Project on Tenmile Creek. This project could meet the growing water

needs of the basin and the Lower Eel subunit until about 1990 and would

provide an outstanding recreation attraction in the Laytonville area.

Construction of the Cahto Project covild defer the need for the Panther

Project until 1990 or until the water needs of the area increase

substantially.

The Cahto Project would provide an excellent opportunity for

joint participation by state, federal, and local agencies in the coordi-

nated development of the basin's water resources. It is also compatible

with state and federal plsins for coordinated development of the entire

Eel River Basin.

Recommendations

It is recommended that:

1. This bulletin be used as a guide in the development of

the water resoxirces of the South Fork Eel River Basin, and the plans

presented herein be reviewed periodically to reflect changing needs

within the area.



2. The Cahto Project on Tenmi le Creek be given primary

consideration as the initial development vithin the South Fork

Basin.

3. Interested agencies explore possible methods of author-

izing and financing the Cahto and Panther Projects and then take

action to initiate a feasibility-level study of one or both of

these projects.

k. Efforts be made to coordinate the construction of the

Cahto Project vith the planned improvement of Highway 101 in

the project area.

5. Hvunboldt and Mendocino Counties initiate zoning ordinances

or other legal measxires to preserve the sites of the Cahto and

Panther Projects for future use.

6. The Cahto and Panther Projects be adopted as part of a

coordinated plan of development for the Eel River Basin by the

CsuLifomia State-Federal Interagency Group.

7. Humboldt and Mendocino Coimties adopt a comprehensive

program of floodplain management or zoning as the best method

of preventing major damage by floods in the South Fork Eel River

Basin. The counties should explore the possibilities of land

exchanges with state or federal agencies to relocate communities

from the floodplain.

8. Interested commimities on the South Fork Eel River explore

the potential development of temporary low-level dams for recre-

ational purposes.





CHAPTER 2. THE SOUTH FORK EEL RIVER BASIN

Although the rugged South Fork Eel River canyon, traversed by

the world-famous Redwood Highway, is better known than any other portion

of the Eel River Basin, most travelers visit only the highway corridor and

adjacent communities and redwood parks. Most of the South Fork country

is as little known as the more remote parts of the North Coastal area.

The South Fork Eel River, with a drainage area of 69O sqiiare

miles, is the second largest tributary to the Eel River, after the Middle

Fork. Its drainage basin is approximately 60 miles long and 12 miles

wide. The Humboldt-Mendocino County line divides the basin roughly in

half.

The study area for this investigation includes the 69O sqviare

miles of the South Fork Basin and 2l4 square miles of the lower Eel River

Basin. The area comprises four subxinits of the Eel River hydrographic

unit, as designated in Bvilletin No. 9^-8. These four subunits, Laytonville,

Lake Benbow, Humboldt Redwoods, and Lower Eel, provide the basis for sub-

division of population and water requirement estimates. Figxire 1 shows

the location and subunit division of the study area. The following sections

describe the physical characteristics, economic development, water supply,

and water requirements of the South Fork Basin.

Physical Description

No extensive part of the study area is homogeneous with respect

to geology, soils, climate, or vegetation. Vegetation varies according

to elevational and climatic zones, all the way from dense redwoods through

mixed conifers and brush to grasslands.

Topography and Geology

Like the North Coastal area in general, the South Fork Eel River

Basin is mountainous and rugged. Elevations range from about 100 feet

near Weott to 4,^91 feet at Iron Peak northeast of Laytonville. Less

than four percent of the land in the basin is classified as irrigable.

-9-



NORTH COASTAL AREA INVESTIGATION

SOUTH FORK EEL RIVER STUDY

LOCATION OF STUDY AREA
SHOWING

CLIMATIC CLASSIFICATIONS

LEGEND
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STUDY AREA SUBUNITS

(7) LOWER EEL

(V) HUMBOLOT REDWOODS^

(7) LAKE eENBOW \

(4) LAYTONVILLE
J
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EEL RIVER BASIN

STUDY AREA BOUNDARY

SUBUNH BOUNDARY

NOTE CLIMATE CLASSIFICATIONS ARE ADAPTED FROM
PLATE 3 OF APPENDIX A TO BULLETIN NO (36. /

"NORTH COASTAL AREA INVESTIGATION" '.
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The only sizable valley in the basin is Laytonville Valley, in the southern-

most end of the basin, along Tenmile Creek. The valley has an area of about

12 square miles - 9 miles long in a northwesterly direction aind up to

2.2 miles wide. Most of the irrigable land in the basin is in Laytonville

Valley, with the remainder scattered throughout the basin in a nvmiber of

much smaller valleys and old stream terraces. The towns in the basin are

located mainly on such terraces along Highway 101, including Garberville,

Leggett, Miranda, Myers Flat, and Weott.

The basin lies in the Coast Range geomorphic province. The

province is characterized by elongated northwest-trending ridges and

valleys which are controlled largely by the underlying geologic struc-

txires, including faults and folds.

Landsliding is widespread throvighout most of the Coast Range

slopes. The highly fractured and sheared nature of the bedrock combined

with deep chemical weathering results in lanusually thick layers of un-

stable soils. Commonly, the material slowly moves downslope as an earth-

flow type of landslide during and after long periods of intense rainfall.

Climate

The climate of the South Fork Eel River Basin is characterized

by heavy annual precipitation, concentrated in the winter months. The

portions nearest the coast are subject to frequent sea fog, mostly in

the summer. Polar air masses sweeping south from the Gulf of Alaska

create the storm fronts responsible for most of the winter storms.

Occasionaly, much warmer storms originating farther south in the Pacific

Ocean invade the North Coastal area and release very heavy precipitation.

Two such storms in December 1955 aJ^<i December 1964 caused the highest

floods of record.

The climate of the South Fork Basin, with its characteristic

heavy winter rainfall and hot, dry summers, has been described as

Mediterranean with subregional variations. The climatic classifications

described in the following sections, euid shown on Figure 1, are based

on a 1959 office report by the Department, "Classification of Climate in

California"

.
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Mediterranean Cool Sxjmmer With Fog . This is the well known

"fog belt" in which the famoxis coast redwoods are found. Moderate and

vmiform teraperatiires prevail here. Average annual teraperatures vary be-

tween 50 and 55 degrees Fahrenheit; average s\ainmer temperatures are less

than 72 degrees Fahrenheit. Snow seldom occurs in this zone.

Two notable variations in this general class of climate occur.

The first is the "temperate rainforest" or "monsoon" type, where sufficient

moisture is maintained dviring the summer to support a "rainforest" type

of vegetation. The normal rainfall is added to by a phenomenon known as

"fog drip", wherein fog particles condense on vegetation and drop to the

ground, adding to the total precipitation. The second is the light fog

belt, which establishes the range of coast redwood up the river valleys,

but out of the fog belt proper. Typically, this fog occurs in lower

elevations on summer mornings, and is strongly influenced by northwestern

winds. It is dissipated by sunshine as the day progresses and is usually

completely gone by noon. The area shown on Figure 1 delineating these

variations is synonymo\is with the interior range of the coast redwood.

Mediterranean Cool Summer Without Fog . This zone lies directly

east of the fog belt and covers the balance of the South Fork Eel River

drainage area. Because of the orographic effect of topography, precipi-

tation varies from about 40 to 80 inches. Although most of this zone

receives some snow, it acciomulates only at the higher elevations in the

eastern part of the basin. Summers in this zone are usually moderately

warm and dry.

Mediterranean Warm Svmmer . This climate pattern occurs in some

of the more inland moiintain valleys, and in an area around Alderpoint.

It is similar to that of the Sacramento and San Joaquin Valleys, but with

more winter precipitation. This classification is not found within the

South Fork Basin, although the area around Laytonville approaches the

borderline between this and the preceding classification.

Stream System

The long, narrow South Fork Eel River Basin is drained by one

principal stream with a large niomber of small tributaries. The East Branch

of the South Fork (Table l) is the largest of the tributaries from the
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standpoint of drainage area. Its 76 square miles comprise 11 percent of

the basin. From the standpoint of rtinoff, the East Branch is rivaled by

Bvill Creek and Salmon Creek. These latter two streams contribute a dis-

proportionate amovmt to the runoff of the basin due to the greater rainfall

on their drainages. Runoff q\iantities will be discvissed in detail in a

later section of this chapter.

TABLE 1

DRAINAGE AREAS OF TRIBUTARIES
TO THE SOUTH FORK EEL RIVER

Drainage Area
Streeim in Square Miles

East Branch of South Fork 76.
Tenmile Creek 65.5
Bull Creek 42.2
Hollow Tree Creek kl.6
Rattlesnake Creek 38.2
Salmon Creek 36.8
Indian Creek 26.9
Redwood Creek 26.0
Sprowl Creek 23.9

Others 312.

7

Total South Fork Basin 689.8

Development

Before the white man came into the area, the Kato, or Kaipomo

Indians occupied the larger valleys on the headwaters of the South Fork,

known today as the Laytonville, Branscomb, and Cahto Valleys. The Indiana

in the lower part of the basin were known as the Sinkyone, after their

name for the South Fork, Sinkyoko. The first white settlers came in the

1850' s. By 1855^ logging had already taken its place as the leading in-

dustry in the North Coastal area. The first auto traffic into the basin

started about 1911^ and today the Redwood Highway is one of the most

heavily used in the State.
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Fopiilatlon

The total popxilation in the South Fork Basin in I96O was about

10,500. The largest community in the basin is Garberville, with a popu-

lation of 1,350. Other communities in the basin include Redway (l,100),

Laytonville (897), Weott (450), and Leggett (430). About two-thirds of

the study area population (Figure 2) is centered in the Lower Eel subunit,

where most of the level usable lands are located.



The total attendance at the two principal redwood state parks

in the basin, Humboldt Redwoods and Richardson Grove, in 196^4-65 was

953^700 visitors. This figure when compared with the resident populations

indicates the tremendous impact of tourism on the economy of the basin.

Transportation

For many years development in the region was inhibited by the

difficvilty of constructing a transportation system in the rugged terrain.

In his diary, Jedediah Smith, one of the first explorers of the area,

refers to a horseback pace of two to four miles per day through the steep-

ridged and heavy-timbered country. The susceptibility of the land to

sliding was not the least of the difficulties and to this day makes the

maintenance of highways in the area costly.

The original wagon road to the North Coast went up Mail Ridge

on the east side of the basin, where a little-used county road is still

located. The conipletion of the major highway along the South Fork Eel

River (now Highway lOl) in I918 brovight the first siorge of tovirists to

the redwood groves along the river and provided access for sportsmen in

search of salmon auid steelhead fishing in North Coastal streams.

State Highway 208, from Leggett, links Highway 101 with Fort

Bragg and the Mendocino Coast. The state-maintained Avenue of the Giants,

paralleling Highway 101 for about 20 miles in the lower north end of the

basin, is well known to redwood park visitors. East-west county roads

traverse the basin near Laytonville, Redway, and Weott.

The Northwestern Pacific Railroad, a major addition to the

transportation system in the area, was completed in 1915- This rail line

is just outside the South Fork Basin in the csmyon of the main Eel River.

Much of the Ivunber produced in the basin is shipped on this railroad.

Lumber Indiestry

As is true for the whole North Coastal area, the l\amber industry

developed soon after initial settlement of the basin. It qioickly became,

and still is, the most important segment of the economy. The industry,

concentrated in the redwood belt, uses both redwood and Douglas fir timber

and employs about hO percent of the workers in the area. At present.
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timber cutting in the area is exceeding growth hy about two ajid one half

to three times, as virgin (or overmat\ire) stands are still being harvested.

This situation is likely to persist for another 15 to 20 years, after which

cutting is expected to continue on a sustained yield basis. Even when this

sustained yield operation has been reached, the industry will continue to

have a major influence on the basin economy.

Pulp and paper production, which has historically tended to

follow in the wake of a well established lumber industry, has already

arrived in the North Coastal area. Two large pulp mills are in production

in the vicinity of Eureka, and at least one more mill is expected in the

Lower Eel River area before 1990* This diversification will tend to

stablize the industry as a permanent feature of the economy of the basin.

The advent of a pulp and paper industry, together with an in-

crease in the demand for veneer axid plywood, will result in more intensive

use of forest lands. Thvis, for the timber-oriented segment of the basin

economy, increasing demands will create a trend toward maximum use of the

forests of the basin.

Recreation

Recreation plays a major role in the economy of the area, ranking

second only to Ivmibering. The majestic redwoods, steelhead and salmon

fishing, and deer hunting are some of the major attractions. During I965

there were over a million visitor-days of use in the redwood parks in the

basin. As important as recreation is now, the potential is just beginning

to be developed.

Several related factors are working in concert to emphasize the

economic importance of the recreation industry. First, a major trans-

formation in the economic structure will result from the use of the re-

serve of standing timber. Recreation activities will assume a more

dominant position in the economic base of the area as the luihber industry

changes to a sustained yield operation and a lower but more stable level

of employment. Second, the relative remoteness of the area will diminish

as Highway 101 is improved to freeway standards. Third, reservoir develop-

ment in the South Fork Eel River Basin, such as the Cahto Project described

in Chapter k of this report, woiild provide increased opportunities for

prolonged recreation pursuits in the redwood country.
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The redwood parks are a major economic asset of the South Fork

Eel River Basin. The largest segment of present recreational activities

occurs in the parks, although the economic impact is focused in the larger

communities where services are available. Records at Richardson Grove

State Park (Appendix b) indicate that over 50 percent of the camp use is

for only a one-day stay. Park administrators estimate that approximately

80 percent of the reported visitation in the redwood parks represents

sight-seeing.

It has been estimated that 60 percent of all recreation use in

California is water-associated. Yet there is at present no effective re-

servoir development to complement the esthetic recreation potential of the

South Fork Eel River Basin except the Benbow Lake State Recreation area.

This 123-acre lake, which now accommodates an average use of about ^4-3, 000

visitor-days per year, has a safety restriction that allows not more than

15 boats in operation at one time. The Department of Parks and Recreation

has estimated that Benbow Lake can be developed to accommodate up to

121,600 visitor-days per year, compared to a recreation demand that is

estimated at 2,^^38,000 visitor-days by 2020 and 5,850,000 visitor-days by

2070. It is apparent that Benbow Lake alone is inadequate to satisfy the

growing demand for varied recreational opportunities, particularly boating.

The development of water-associated recreation sites in the

basin, offering a variety of pursuits such as boating, swimming, water-

skiing, and fishing, wovild induce recreationists to lengthen their stay

in the redwood covintry. This would benefit both the recreationist and

the local economy.

Agriculture

The third industry in importance in the South Fork Eel River

Basin is agriculttire, largely centering around livestock and rangeland

grazing. Because of the limited extent of irrigable land and the dis-

tance to market, only about 800 acres are presently irrigated. Nearly

all of this acreage is in irrigated pasture and about half is located

in Laytonville Valley. The projected irrigated acreage in I99O is

aSOO acres, still largely irrigated pasture in Laytonville Valley.

In the adjacent Lower Eel hydrographic subunit, which co\ild be

served a firm water supply from reservoirs on the South Fork, irrigated
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agricvilture is a very significant industry. Irrigated pastvire for dairy-

ing is the principal land use, with about 13,000 acres at present and over

22,000 acres projected in 1990.

Table 2 shows the projected land use within the study area. The

data for the period I960-2020 were derived from Department of Water Resources

Bulletins No. 9^-8 and No. 1^+2-1. Data for the period 2020-2070 are esti-

mates made by projection of the trends in land use diiring the period

1960-2020. These data were used in deriving the urban and irrigation

water requirements for the study area.

Irrigated agriculture faces the competition of urban development

for the limited irrigable lands in the basin. Urban encroachment will

completely displace agriculture in the Lake Benbow and Humboldt Redwoods

sub\anits by the year 2020. In the Lower Eel and Laytonville subunits,

with the much greater extent of irrigable lands, agriculture is expected

to increase until about 2020 and hold steady or decline slightly beyond

that time.

TABLE 2

PRESENT AWD PROJECTED LAND USE
BI THE

SOUTH FORK EEL RIVER STUDY AREA
(in acres)



Water Supply

Present and predicted futiire water reqviirements in the basin are

almost insignificant in comparison with the magnitude of the water supply

originating in the basin. Storage is needed, however, to even out this

supply over the year — to protect against damaging flood flows in the

winter and to supplement inadeq\iate flows in the s\;uDmer.

With no significant storage in the basin, the runoff pattern is

directly responsive to rainfall, after initial soil saturation. The only

significant reservoir in the basin is Lake Benbow with 1,060 acre-feet of

storage, now used entirely for recreation.

Precipitation

Precipitation in the basin averages about 71 inches anniially,

varying geographically from about 60 inches in the interior valleys and

canyons to about 100 inches on the seaward ridge at the northern end of

the basin. The annxial variation is much greater; for example, the recorded

annual rainfall at Laytonville (I917-I958) ranges from 3k to 135 inches.

Figure 3 shows an isohyetal map for the basin, including the locations of

precipitation and stream gaging stations listed in Tables 3 and h.

TABLE 3

PRECIPITATION STATIONS WITHIN THE
SOUTH FORK EEL RIVER BASIN

DWR
Ref. No. Name of Station Period of Record
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TABLE k

STREAM GAGING STATIONS WITHIN THE
SOUTH FORK EEL RIVER BASIN

DWR
Index No. Name of Station Period of Record

F 61150 B\ai Creek near Weott I96O-
F 64100 S. F. Eel River near Miranda 1939-
F 64150 S. F. Eel River at Garberville I9II-I913,

1939-19^
F 64l60 E. Br. S. F. Eel River near Garberville I966-
F 64200 S. F. Eel River near Leggett 1964-
F 64300 S. F. Eel River near Branscomb 1946-
F 64400 Tenmile Creek near Laytonville 1957-

Most of the precipitation is in the form of low-intensity winter

and spring rain. Althoiigh snowfall is common along the higher ridges, it

rarely accumulates sufficiently to have any significant effect in delaying

the CTjnoff . Typically the seasonal rains begin in late September or

October, reach a maximum from December to February, and cease in late

May or early June. About 95 percent of the annual precipitation occurs

in the eight-month period October through May and about 80 percent in

the six-month period November through April.

Runoff

Because of the relative lack of snow and natural storage, stream-

flow is highly responsive to rainfall. The runoff pattern is directly

related to precipitation in time and quantity. The relationship of pre-

cipitation and runoff is graphically illustrated by the record of the

gaging station near Miranda for the 1964-65 water year. On December 22,

1964, five days of extremely heavy rainfall generated a flow of 199^000

cubic feet per second (cfs) at this point, raising the water level about

46 feet and causing widespread destruction in the lower reaches of the

South Fork. The average dally flow dropped to 17,500 cfs by December 27

and did not exceed this amoiont through the remainder of the winter and

spring. The average daily flow throvighout the period from June 1 to

September 30, 1965^ did not exceed 300 cfs.
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Hydrologic studies for this investigation reevaluated the sur-

face runoff vithin the South Fork. Eel River Basin in light of additional

streamflow data collected in recent years. Table 5 presents a summary of

the mean seasonal runoff in the basin, starting at locations in the upper

basin and proceeding downstream in incremental areas to the mouth of the

South Fork. The monthly distribution of average annual runoff is pre-

sented in Table 6. Tables 7 through 11 present estimates of monthly and

seasonal runoff that were derived for the major gaging stations and dam-

sites under study. Streamflow at the proposed Cahto Dam was not tabulated

because the gage, "Tenmile Creek near Laytonville", is very near the

damsite. Flows at the gage were taken as equivalent to the runoff at

the damsite.

Water Quality

Surface waters in the South Fork Basin are generally charac-

terized as a soft calcivmi- sodium-bicarbonate type with low concentrations

of boron and of sviitable q\iality for all anticipated uses. The Laytonville

Valley area has at least one highly mineralized spring (Pinches Spring)

that caxises localized problems with both ground and svirface waters, par-

tic\ilarly with respect to high boron content. Except for the one minor

tributary (Svilphur Creek) affected by this spring, the sampled stirface

waters in the basin are of excellent chemical quality.

Grotind Water

The South Fork Eel River Basin contains only one area of signif-

icant ground water resources - Laytonville Valley. About one-half of the

present water req.uirements in this valley are met from groxmd water pvuuping.

The average depth to ground water in the valley is less than 10 feet, and

usable ground water storage capacity, from a depth of 10 feet to 120 feet,

is estimated to be about 21,000 acre- feet. The recharge potential with

lowered ground water levels is estimated at over 10,000 acre- feet.

The adjacent Eel River Delta area, which coiild be served water

from the South Fork, contains the largest ground water basin in the Eureka

area. Ground water pumpage in this area, including the lower Vaji Duzen

River Valley, is estimated to be over 10,000 acre-feet per year. Total

usable ground water storage in the area was estimated to be 136,000 acre-

feet.
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TABLE 5

SUMMARY OF MEAM SEASONAL RUMOFF
IN THE SOUTH FORK EEL RIVER BASIN

(1910-11 through 1959-60)

Stati on
or

Incremental Area

Drainage Mean Mean
Area Precipitation Loss

(Sq,uare Miles) (Inches) (Inches)-
Mean Annual Runoff
(inches) (Acre-Feet)

Standley Damsite

Incremental Area

South Fork Eel River near Branscomb

Tenmile Creek near Laytonville =J

Lost Man Damsite

Panther Damsite

Frost Damsite

Incremental Area

South Fork Eel River near Miranda

Bull Creek near Weott £/

Incremental Area

TOTAL South Fork Eel River Basin
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INDEX NO. F643l*0

LOCATION
SWl/U,SWl/U, SEC33 T21N RIJW M. D.B.M,

TABLE 7

RESOURCES AGENCY OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

NORTHERN DISTRICT

RUNOFF OF SOOTH FORK EEL RIVER AT STANDLEY DAMSITE

TYPE OF RECORD-UNIMPAIRED SOURCE OF RECORD ESTIMATED
UNIT ACRE FT.

AREA 7.1 SQ. MILES

YEAR



TABLE 8

RESOURCES AGENCY OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

NORTHERN DISTRICT

RUNOFF OF S. F. EEL RIVER NEAR BRANSCOKB

INDEX NO F61t300

LOCATION 39 U3.I--I23 39.1
l/U,NVa/U, SBC32 T22H RI6W M. D.B.M.

TYPE OF RECORD-UNIMPAIRED SOURCE OF RECORD USGS
UNIT ACRE FT.

AREA 1*3.9 SQ. MILES

YEAR



TABLE 9

RESOURCES AGENCY OF CALIPORMIA
DEPAHTMEIW OF WATER RESOURCES

NORTHERM DISTRICT

RUNOFF OF TENMILE CRKHC NEAR LAYTONVILLE*

INDEX NO. F6W*00
LOCATION 39 1*5.3--123 32.5
SWl/l(,NWl/U,SECl6 T22N R15W M.D.B.M.

TYPE OF RECORD-UNIMPAIRED SOURCE OF RECORD USGS
UNIT ACRE FT.

AREA 50.3 SQ. MILES

YEAR



TABLE 10

RESOUBCES A(23«CY OF CALIFORUA
DEPAfETMENT OF WATER RESOURCES

MOKTHERN DISTRICT

RUHOFF OF EAST BR. S. F. EEL RIVER AT PAIWHER MMSITE

INDEX NO. F61*160

LOCATION
SElA, NEl/U,SEC31 TOl*S RO^tE H.B.M.

TYPE OF RBCROD-UNIMPAIRED SOURCE OF RECORD EffOMATED

uirrr acre ft.

AREA jk.O SQ. MILES

YEAR OCT NOV DEC JAN FEB MAR Ara MAY JUH JUL AUG SEP TOTAL

1911



TABLE 11

RESOURCES AGENCY OF CALIFORNIA
DBIARTMENT OF WATER RESOURCES

NORTHERN DISTRICT

RUNOFF OF SOUTH FORK EEL RIVER NEAR MIRANDA

INDEX NO. F&HOO
LOCATION 1*0 10.9--123 1*6.5

l/l*,NWl/l*,SBC30 T3S Rl*E H.B.M.

TYPE OF RECORD-UNIMPAIRED SOURCE OF RECORD USGS
UNIT ACRE FT.

AREA 537 SQ. MILES

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL

1911



Water Requirements

A principal consideration In this study was the development of

a water supply to meet local needs for irrigation, virban, industrial, and

recreation purposes. It was not within the scope of this study to make

a thorough evaluation of the economic demand for water in the South Fork

Basin and the Eel River Delta. However, estimates of the amounts of water

reqiiired for the economic growth of commiinities in the North Coastal area

have been the subject of major studies in recent years. The South Fork

Eel River Study relied heavily on the previous studies in evaluating the

water conservation potential of proposed projects. Department of Water

Resources Bulletins No. 142-1, 9^-8* aJ^d 160-66 were the principal sources

of data for the period I96O-2020. Additional projections were made for

this study for the period 2020-2070.

The objective of the water req.uj.rement estimates in this study

was the economic evaluation of water conserved for use by proposed projects

within the South Fork Basin. The methods of determining total water re-

quirements in the study area for the foixr categories of use are described

in the following sections. To arrive at an estimate of the potential

demand for water conserved by projects, the total water requirements were

reduced substantially. The reduction represents the continued use of

existing water developments and a rough estimate of future non-project

water supply to be developed within the study area. Projected total

water requirements and the estimated demand for project yield (project

demand) are presented in Table 12.

Urban Water Requirements

Water required for urban development within the study area was

estimated from the population projections presented earlier in this chapter.

The per capita consumption of water was estimated to increase from l40

gallons per person per day in 197O to 16O gallons in 2020 and remain at

that level through 207O. These values multiplied by the projected subunit

population determined the urban water requirement of the study area.
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Agricxiltvural Water Reqiiirements

Water requirements for irrigated agricxilt\ire within the study-

area were based on present and projected land use data presented in

Bulletin No. l42-l. These projections are based on the ability of irri-

gable lajad within the study area to produce the crops climatically sioited

for the area, the present and historical crop pattern, and the market

outlets available for agricultural products.

In determining the project demand as described above, the esti-

mates of agricultural water req.mrements were further modified by excluding

the Laytonville area. This was done for two reasons. First, Laytonville

Valley is upstresjn from the proposed projects and 100 to 150 feet higher

in elevation; an extensive distribution system and much pumping would be

required to deliver irrigation water to the area. Second, Laytonville

Valley contains the only ground water basin of significance in the South

Fork Eel River drainage. The developable ground water within this basin

is estimated to be about 50 percent more than the highest projected annual

requirement for agricultural water in the Laytonville subunit.

Recreation Water Requirements

In an area of such special attractiveness as the South Fork Eel

River Basin, recreation is a major economic influence and is soon expected

to rival the timber industry in importance. The vast influx of recreation

seekers to the South Fork Basin each year creates a significant demand

for water over and above the year-round urban requirements of the basin.

The water requirements presented in Bxilletin l42-l for recrea-

tion within the South Fork Eel River Basin were projected to the year

2070 and modified to include increased recreation use attracted to the

basin by svirface water developments. The total req\airement is determined

principally by the water needs of recreation visitors to the basin and

the needs of facilities to accommodate these visitors.

Industrial Water Requirements

The normal water requirements for business and light industry

are included in the urban classification in Table 12. In the analysis

of the Panther Project in Chapter k, consideration is given to supplying

water for an expansion of the pulp and paper industry in the Lower Eel
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subunit. The projected water requirement for industrial use is based on

the assumption that a 500-ton-per-day piilp mill vill be constructed in

the Lower Eel subunit in the I97O-8O decade.
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CHAPTER 3. GENERAL PLANNING CONSIDERATIONS

The evalviation of proposed vra.ter developments within the South

Fork Eel River Basin included provisions for local water supply, flood

control, recreation, and fishery and wildlife enhancement. The major

investigative activities and the criteria for evaluating projects studied

during this investigation are set forth in this chapter.

Inventory of Damsites

The first major activity of the South Fork Eel River Study was

to make ajQ inventory of the basin to determine the location of possible

reservoirs. Initially these reservoir sites were located by inspection

of large-scale topographic maps (USGS quadrangles). The sites thus

located were checked in the field by a team including an engineer, a

geologist, and a recreation planner. The field check eliminated the

potential projects with obvious defects and narrowed the scope of the

study to the more favorable sites. All damsites defined in the initial

inventory are shown in Figure k and described in Table 13- The following

sections discuss the major tributary stream basins and the more signifi-

cant of the sites surveyed. Some of the sites that were not selected for

detailed amalysis in this study may merit reevaluation in the future.

These sites are noted in the following descriptions and designated in

Figure k.

Bull Creek Basin

The Department of Parks and Recreation has recently acquired the

upper Bull Creek watershed, thus including the entire basin within Hvimboldt

Redwoods State Park. The Department of Water Resources policy is to avoid

inundation of any part of the State Park system; therefore, the Bull Creek

Basin was not included in this study.

The Department of Parks and Recreation has considered constructing

a rinm in the upper drainage for sediment and debris control to protect
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FIGURE 4

LEGEND
PROJECTS STUDIED
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NORTH COASTAL AREA INVESTIGATION
SOUTH FORK EEL RIVER STUDY

POTENTIAL PROJECTS
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the virgin stands of redwoods within Rockefeller Grove. Such a project

could be enlarged to include recreation, fishery enhancement, and some

local water supply as project purposes. Interested local agencies should

contact the Department of Parks and Recreation for information on this

proposal

.

Oakdale Damsite

This site was dropped from the study during the initial survey

due to the prevalence of landslides at the damsite and in the reservoir

area. However, a good potential for recreation development exists at the

site and it may merit further consideration in the future. The initial

phase of axiy futxire study should center on detailed evaluation of the

landslide problem.

Shining Stones Damsite

This site, on Leggett Creek, was eliminated from the study after

considerable study. It is one of the few geologically sound damsites

within the basin and is located in an exceptionally scenic area. However,

there is very little usable land for recreation development in this area

and the project could provide little water supply or flood control.

Moreover, the recreation planner considered that a reservoir development

could be a detriment to the natural scenic value of Leggett Creek canyon.

Putvire growth of the need for recreational areas may justify a

reconsideration of this site, but any proposed development should be care-

fully planned to preserve the natural beauty of the canyon.

Frost Dainsite

This site on Redwood Creek was considered in preliminary and

reconnaissance engineering evaluations before being eliminated from the

study. The damsite and reservoir area were mapped in detail, and the fish

and wildlife studies were carried to completion. In the course of these

evaluations, several vinfavorable factors were disclosed. Seismic explora-

tion of the damsite revealed an unstable overburden of depths from 30 to

50 feet on the right abutment, and a potential landslide on the left

abutment was identified. These problems, coupled with the necessity of

inundating the commvinity of Briceland, resulted in the project being

dropped from the study.
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Although the problems associated with this project are difficult,

they are not insurmoimtable; the project should be reevaluated in the

future when additional recreational areas and water supplies are needed

within the South Fork Basin.

East Branch Basin

Five possible damsites on the East Branch of the South Fork Eel

River were evalioated during the preliminary inventory. Foxir of these sites

were rejected because of unsound geologic conditions. The fifth site,

Pajather, was selected for detailed study and is discussed in detail in

Chapter k.

Hilltop Damsite

This site, on the South Fork Eel River, was studied in some

detail in conjunction with the San Francisco District, U. S. Army Corps

of Engineers. It was found that this project had significant capabilities

for flood control, recreation, and local water supply, and that the dam-

site was geologically sound. There are, however, several shortcomings to

this site. The construction of a dam here would be very expensive due to

the size of the structure involved and there is a danger of large land-

slides in the reservoir area. Also, the dam would have a serious detri-

mental effect on the anadromous fishery of the South Fork Eel River.

The Hilltop project was dropped from further study after a

cursory analysis of project costs and benefits showed that the project

would lack economic justification by a wide margin.

In conjunction with the study of the Hilltop site, a brief

examination was made of two possible alternative sites designated as

Rattlesnake and Horseshoe Bend. Both of these alternative sites were

rejected because of a combination of problems concerning damsite and

reservoir geology and anadromous fish.

Hollow Tree Creek Basin

The initial topographic map survey of the South Fork Basin

showed five potential damsites on Hollow Tree Creek. However, the field

survey showed generally that unfavorable foundation geology exists through-

out the watershed and that the area is poor for recreation development

due to its inaccessibility and lack of developable lands. Therefore, on
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the recommendations of the recreation planner and the geologist, the five

sites on Hollow Tree Creek were dropped from further consideration.

Tenmile Creek Basin

Five potential damsites were found on the initial map survey

of the Tenmile Creek Basin. Field inspection of these sites revealed

good foundation geology conditions and excellent recreation and water con-

servation potential for the projects. Cursory designs and cost estimates

were prepared for all five sites. Based on the primary considerations

of project costs and damsite geology, two sites, Cahto and Streeter, were

found to be good. Two others, Stapp and Sebow, were fair. The Summit

damsite was eliminated because of unsound geologic conditions on the

right abutment that were discovered during surface geologic mapping.

From the preliminary emalysis, the Cahto project was selected

for detailed economic analysis. The results of this analysis are pre-

sented in Chapter k. The Streeter project is a possible alternative that

woiild accomplish essentially the ssime project puiposes as the Cahto project

with some reduction in water conservation and fisheries enhancement benefits.

Branscomb Damsite

Department of Water Resources Bulletin No. 92 showed that the

Branscomb Project was economically justified by a narrow margin. However,

a complete evaluation of the anadromous fisheries problems was not made.

Due to the controversies involved with this project, it was decided that

alternatives shoiild be investigated.- Therefore, the Branscomb Project

was not given further consideration in this study. The Branscomb Project

may merit reevaluation in the future as the need for recreation opportuni-

ties and additional water increases.

Two possible alternatives to the Branscomb Project, Taylor Creek

and Standley damsites, were evalimted in this study. In comparing these

two projects, the Taylor Creek site was foimd to be relatively expensive

ajid to have little potential for recreation development or water conser-

vation. The Taylor Creek site was rejected in favor of the Standley site,

which is evaliiated in detail in Chapter k.
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Sherwood and Long Valley Damsites

In addition to the damsites described in the preceding sections,

two sites outside the South Fork Basin were initially included in this

study. These two sites are Long Valley and Sherwood.

The Long Valley project was briefly evaluated as a single-

purpose recreation project and found to be imdesirable for this purpose.

The shallow average depth of the reservoir would create an undesirable

recreation environment. The preliminary evaluation of the Long Valley

project did not include the possibility of supplying water to Laytonville

Valley. It may be desirable in the futxire to reevaluate the project to

meet this purpose.

Preliminary evaluation of the Sherwood project indicated that

it may be desirable as a recreation project. However, it may suffer from

competition from the existing Lake Mendocino or the proposed Cahto project.

The limitation in time and funds on the South Fork Eel River Study made

it necessary to restrict the study to the South Fork Basin and delete

these two projects.

Project Formulation

The multiple-purpose concept of reservoir use was applied in

analyzing potential reseivoir developments. Projects were formulated to

conserve water for local use, to regulate flows for downstream fishery

enhancement, to provide for reservoir recreation, and to provide down-

stream flood protection. Due to physical locations, specific local situa-

tions, and topographic limitations, each of the projects tended to

emphasize one or more of the operating criteria and to deemphasize the

others. The following criteria, which were in effect in Janizary 1967^

were observed in all project planning studies conducted during this

investigation

:

1. The historical period I9IO-II through 1959-60 was used

to evaluate water supply and reservoir water yields.

2. Downstream water users with prior rights were fully

provided for in project operations.
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3. Only primary tangible benefits were used In economic

evalioation.

h. Project cost estimates were based on I966 price levels.

5. All economic studies were based on a 100-year period of

analysis, using an aiinual interest rate of 4 percent.

6. Each project was sized to produce maximum net project

benefits

.

Project Benefit Evaluations

To provide a basis for comparing alternatives and to determine

the desirability of a given project, a monetary value must be determined

for the services provided by the project. This value can then be com-

pared with the cost of providing the services to establish the economic

justification of a project.

Water Supply Benefits . The project benefits achieved through

provision of new water supplies for consumptive use were considered in

four categories: irrigation supplies, domestic supplies, industrial

supplies, emd supplies for enhancing recreation opportunities along the

South Fork Eel River. The determination of benefits for water conserva-

tion was limited because specific service areas and distribution systems

for water delivery could not be defined within the scope of this two-year

study. Average unit costs and benefits were used to evaluate the water

conservation potential of the proposed projects.

Benefits accruing to a project that provides an irrigation water

supply were determined by subtracting all farm costs, except land and

water costs, from the gross farm income. This gives the net retvim to

land and water. The project benefit is the difference between the return

to land and water with and without the project.

Benefits for agricultiaral water were computed from average

values derived for each of the subunits within the study area. Average

gross benefits per acre-foot of irrigation water were derived as follows:

$1^.00 for the Laytonville subunit, $11.20 for the Lake Benbow and H\amboldt

Redwoods subunits, and $l8.00 for the Lower Eel subunit.

Similarly, the cost of supplying water to the farmer's headgate

was derived as an average cost per acre-foot, based on rough estimates of
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the pumping lifts and distribution systems required within each of the

subunits. For the Lower Eel subunit, the extent of the potential service

area dictated a diversion system near the upstream limits of the flat

irrigable lands and an extensive system of gravity canals. With allowances

for operation, maintenance, and replacement of facilities, the resulting

average distribution cost per acre-foot of water within this subunit was

$11.00. Within the Humboldt Redwoods and Lake Benbow subunits, service

of irrigation water would be limited to those areas in close proximity

to the main channel of the South Fork. The average distribution cost

derived for these subimits was $6.50 per acre-foot. For the Laytonville

subunit, the average distribution cost per acre-foot of agricultural

water was estimated at $13.10. This high cost was due to the necessity

of pumping water about 150 feet in elevation from the Cahto project, and

the extensive distribution canal system to serve the elongated Laytonville

Valley. Since an alternative supply of water is available to this area

in the essentially undeveloped ground water basin, the demand for agri-

cultTxral water in the Laytonville subuxiit was excluded from the estimated

demand for project yield.

Benefits accruing to a project that provides a domestic water

supply were computed by determining the amount a beneficiary would be

willing to pay for project water. In this study, the value of an acre-foot

of water delivered to the treatment plant intake was used as a gross

benefit. For the three subxmits comprising the South Fork Eel River Basin,

a gross benefit for urban water of $96 per acre-foot was computed, using

the current water rate in the community of Laytonville as a base. For

the Lower Eel sub\init, the computed gross benefit was $68 per acre-foot,

based on the current water rate in the community of Hydesville.

The estimated cost of delivering domestic water to the treatment

plant intake was based on the assvunption that conserved water would be

diverted from the stream channel at the area of use. Thus, the stream

channel would serve as the main distribution canal and the cost of supply-

ing water for domestic use would consist primarily of pumping costs and

the cost of the diversion structure. For the three subimits in the South

Fork Eel River Basin, this diversion cost was estimated at $15.50 per

acre-foot. For the Lower Eel subunit, the diversion cost for domestic

water was estimated at $11 per acre-foot.
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As discussed in Chapter 2, provision of an industrial water

supply was evaluated on the basis of an expansion of the pulp and paper

industry in the Lower Eel subunit. Assuming that a single diversion would

be made to one pulp and paper plant and that this plant would use the

entire industrial yield, the cost of delivering this yield to a plant in

the Lower Eel subunit was estimated at $6.50 per acre- foot. The benefits

for providing this industrial supply were estimated to be $20 per acre-

foot of water delivered to the plant intake, based on present water costs

for similar industries.

Since there are no criteria available for evaluating the bene-

fits associated with supplying water for recreational purposes, it was

assiimed for the South Fork study that these benefits would be similar to

the benefits for supplying water for domestic use. As previously described,

a gross benefit of $96 per acre-foot was determined for the South Fork

Basin and a gross benefit of $68 was determined for the Lower Eel subunit.

The estimated diversion costs for domestic water of $15-50 and $11 were

also used in evaluating the conservation of water for recreational purposes.

Flood Control Benefits . One of the major considerations in

formulating projects within the South Fork Eel River Basin was flood pro-

tection. The flood problem of the North Coastal area received nationwide

publicity due to the devastating floods of 1955 and 1964. Rampaging

streams throughout the area set records of peak stage and runoff in

December 1955^ then rose again in December 196U to break those records.

The records of the stream gaging station near Miranda show that the South

Fork Eel River rose 42.7 feet in 1955^ reaching a peak discharge of

173>000 second-feet, and in 1964 rose kS feet, reaching a peak discharge

of 199,000 second- feet. The imparalleled flood of 1964 devastated Myers

Flat and Weott in the lower South Fork Basin, completely disrupted trans-

portation and commiinication facilities, and took a heavy toll in lives

and property.

The San Francisco District of the U. S. Army Corps of Engineers

prepared a reconnaissance evaluation of the flood control capabilities

of selected South Fork Eel projects in I966. This work was accomplished

under a joint interagency program of coordinated planning for the develop-

ment of the water resources of the Eel and Mad River Basins, administered

by the California State-Federal Interagency Group.
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Preliminary flood stage evaluations by the Corps of Engineers

showed that reservoir storage on tributaries to the South Fork Eel River

wo\ild have little effect on major floods. The Corps' studies for the

proposed Hilltop project on the South Fork Eel River at Leggett indicated

that 250,000 acre-feet of flood control storage at that site would lower

the December 1964 flood peak at the Miranda gaging station by only 8 feet

while the flood peak was I9 feet above the damage level.

The major portion of the damages within the South Fork Basin

occur along the main channel of the South Fork Eel River downstream from

Benbow Dam. To prevent these damages, flood control reservoirs would have

to control the runoff from a major portion of the South Fork Basin. From

a conrparison of reservoir drainage areas and storages with the total drain-

age area and flood runoff volvime for the South Fork Basin, it was obvious

that the projects under study would have an almost unmeasurable effect on

major floods, such as occurred in 1955 and I964. However, the Corps'

studies showed that a significant portion of the potential flood control

benefits could be obtained by controlling the smaller, more frequent floods.

Evaluation of the flood control potential of the projects under

study was based on a conrparison of estimated benefits provided by the Corps

with the cost of providing flood control storage. The benefit-cost com-

parison for each of the projects is presented in the discussion of individ-

ual projects in Chapter k. In most instances, it was foimd that the cost

of providing flood control storage exceeded the benefits that co\ild be

obtained. A flood control reservation was fovind to be justified at only

one project, the Cahto project on Tenmile Creek.

Since reservoir storage at the proposed projects cannot provide

control of major floods, a comprehensive program of floodplain management

will be necessary within the South Fork Basin. It may be best for the

basin to rely completely on floodplain management to prevent flood damages

and operate the proposed projects primarily for recreation and water con-

servation. Flood control operation requires that flood control storage

reservations be maintained vintil April 1 of each year, which would pre-

vent the capttiring of a major portion of the heavy winter runoff in

January and February. This mode of operation is in direct conflict with
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the pxirposes of recreation and water conservation. In the interest of

these purposes, the reservoir should be operated to store as much of the

vinter ninoff as possible, thus providing a larger pool for summer recre-

ation use and conserving the maximum amount of water for use in the summer

months of short supply

.

The small communities along the lower South Fork that suffer

repeated flood damage are obviously in the floodplain and should consider

the possibility of relocation. In I966 the Department of Parks and

Recreation initiated a study of possible land exchanges whereby the

affected communities could be relocated and the State could obtain flood-

plain lands that would be ideally suited for recreational use. This land

exchange study has not been completed. Communities interested in this

concept may wish to explore the possibilities with the Department of

Parks and Recreation.

Development of recreation areas in the floodpiain could comple-

ment the scenic attraction of the redwood parks by providing a greater

variety of recreational uses, including picnic areas and swimming beaches.

These developments could be made more attractive to recreation users by

incorporating low dams on the South Fork Eel River to impound small recre-

ation reservoirs (see the discussion of low dams at the end of Chapter k)

.

Recreation Benefits. Recreation has had and will continue to

have a dominant influence on the economy of the North Coastal area. The

South Fork Eel River Basin, encompassing some of the most famous of

California's State Parks, will be a major recipient of the increase in

demand for outdoor recreation opportunities.

As a part of the South Fork Eel River Study, the Department of

Parks and Recreation prepared a preliminary evaliiation of the present and

estimated futxire demand for recreation use within the study area. This

evaluation included projections of the recreation use that would occiir at

the projects vmder consideration. The report on this recreation study is

included in this bulletin as Appendix B.

Recreation use at the proposed projects was estimated on the

basis of the available land, the accessibility of the project, the estimated

user demand for project facilities, and the assimption that Department of

Parks and Recreation Type "A" standard facilities would be constructed.
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In March I966, the Department of Water Resources adopted stand-

ards for recreation evaluation similar to the federal standards set forth

in Senate Document No. 97^ Addendum No. 1. The Department, in cooperation

with the Departments of Fish and Game and Parks and Recreation, has de-

veloped guidelines for applying the general standards. These guidelines

were used in evaluating recreation benefits within the South Fork Eel

River Study.

Recreation activities have been divided into two classes, general

and specialized. General recreation, including such activities as boating,

swimming, camping, and picnicking, was evaluated as described below. The

evaluation of benefits for specialized recreation use, which is concerned

primarily with utilization of fishery and wildlife resources, is described

in the following section on fish and wildlife. Reservoir trout fishing

is evaluated as part of the general reservoir recreation, and the benefits

for this use are deducted from the general recreation and credited to

fisheries enhancement.

The monetary benefit value associated with a general recreation

visitor-day is determined on the basis of the variety ajid quality of

recreation experiences available at the reservoir, the q.uality of facili-

ties provided, the esthetic surrovindings of the reservoir, and the degree

to which the water surface fluctuates during the recreation season. Using

a point system set forth in the interim guidelines for evaluating general

recreation, the projects under study were rated on the first three of

these q.\ialities. The applicable value for water surface fluctviation was

determined from reservoir operation studies. The ratings thus established

determined the visitor-day value for general recreation within the es-

tablished range of 50^ to $2.50. Unit benefits determined for individual

South Fork projects ranged from $1.75 to $2.26.

Fish and Wildlife Benefits . The South Fork Eel River supports

sizable runs of king salmon, silver salmon, and steelhead trout. These

three species of anadromous fish support the major fishery of the river.

The two species of salmon also contribute to both the ocean sport and

commercial fishery.
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A major effort vithin the South Fork Eel River Study was centered

on fish and wildlife evaluations. These evaluations were made by the

Department of Fish and Game. Their report is hound within this bulletin

as Appendix C. One of the recommendations in Bvilletin No. 92, "Branscomb

Project Investigation", was that a basinwide study of the South Fork

include a comprehensive evaluation of the fish and wildlife resources.

However, the limited scope and funds of the study program reported herein

restricted the fish and wildlife evaluations to the specific projects

\inder study.

In the svirvey of reservoir sites during the South Fork Eel River

Study it was found that little or no wildlife enhancement could be provided

by the projects, but that significant fisheries enhancement could be pro-

vided by several of the projects. The potential fisheries enhancement was

evaluated in four parts: reservoir fisheries, downstream nvirsery enhance-

ment, early entry to spawning areas, and increased spawning areas.

The benefits for reservoir fisheries were evaluated as part of

the general reservoir recreation using the values previously described.

The portion of the general recreation use at the project attributable to

reservoir fishery is evaluated separately as a fishery benefit and is

presented as such in Chapter h.

As described in Appendix C, summer releases of cool water from

the proposed reservoirs woiild enhance nursery habitat for juvenile steel-

head, silver salmon, and trout downstream from the projects. The increase

in fish populations sustained by these siimmer releases was estimated by

the Department of Fish and Game and are shown in Table 8 of Appendix C.

The fisheries benefits attributable to each project were conrputed by

multiplying the increase in numbers of fish caught, both commercially

and by sport fishermen, by the estimated net value of the fish. The value

of the fish was determined by a combination of two factors, a commercial

value of 3k^ per pound and the specialized recreation value- of sport

fishing.

Regulated flow releases from the proposed projects coiild also

provide additional spawning area for king salmon, especially during dry

years. The increase in fish popviation that coiild be induced by various

releases is shown in Table 9 of Appendix C. The economic evaluation of
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the benefits associated with the increased popvilations of king salmon are

evaluated in the same maxiner as described previously for the enhancement

of nursery areas.

The Department of Fish and Game has estimated that a sustained

streamflow of suitable temperature in the South Fork Eel River of 15O cfs

or more would allow king salmon to migrate into the South Fork. Under

present conditions, these fish are usually unable to migrate upstream

from the Eel River estuary prior to the first major rainfall. As described

in Appendix C, the major economic benefit from this early migration woiold

result from a substantial increase in the river sport fishery for salmon

and steelhead. An estimate of the increased angler use in the South Fork

Basin is shown graphically in Figure 5- The benefits associated with this

increase in use were determined by the specialized recreation value of the

added angler-days of river sport fishing.

There are several factors in the evaluation of fishery enhance-

ment that might preclude realizing the benefits described. The Department

of Fish and Game mentions two items, water temperatiire and early entry,

that still need extensive study.

For the evaliiations in this study, it was assumed that water

released from the proposed reservoirs would be of appropriate temperature

for anadromous fish. Preliminary temperature studies by fishery biologists

Figure 5. ESTIMATED INCREASE IN RIVER SPORT FISHERY

FOR SALMON AND STEELHEAD
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indicate that the volumes of cool water in the reservoirs shoiild be adequate

in most years. However, maintaining a flood control reservation or making

large releases d\iring the summer may overdraw the supply of cool water and

may prevent not only fisheries enhancement but also possibly the maintenance

of the existing fish population in the area affected by the reservoir.

The possibility of inducing an early migration of fish into the

South Fork was first proposed in the Branscomb Project Investigation. The

requirements for inducing this migration, in terms of water quantities

and temperature, are not known. Also, the effect of the corresponding

increase in fishing pressure on the fish population is subject to some

doubt. On the basis of present information, it was assumed that the

early migration could be induced and that angling use would increase.

Further study is needed on both of the foregoing items before

an accurate estimate of the overall effect on anadromous fish can be made.

The Department of Fish and Game has recommended that a tenrperature study

be made before more advanced studies are begun on any proposed project.

Reservoir Operation Studies

The general criteria for operation of proposed reservoirs

varied according to the characteristics of the project being considered.

Reservoirs were operated to provide for local irrigation, urban, and

recreation water requirements; to regulate flows to provide for down-

stream fishery enhancement; to develop reservoir recreation; and to

provide flood control.

In determining yields to meet local water reqviirements, the

following assumptions were made:

1. The demand for irrigation water would be limited to the

amount that could be delivered at a cost within the average pay-

ment capacity of crops projected within the study area.

2. Present and pre-project water requirements would continue

to be met from existing sources.

3. The project demand bmldup period would be as shown in

Table 12 in Chapter 2.

Table l4 gives the monthly distribution of local water demand

used in operating reservoirs for new yield.
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TABLE Ik
ESTIMATED MONTHLY DISTRIBUTION OF WATER DEMAND

IN PERCENT OF SEASONAL TOTAL

Month Recreation Irrigation Urban : Industrial

South Fork
Basin

South Fork
Basin & Lower
Eel Subunit
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Redwood Creek; Standley, on the upper South Fork; axid the five sites on

Tenmile Creek. The Panther and Frost damsites were mapped at a scale of

1" = 4oO* with a contoiir interval of 20', using control elevations set by

the Department. The Standley project and the five Tenmile Creek projects

were mapped at a scale of 1" = 600' with a contour interval of 20', using

aerial photographs and control elevations obtained from the U. S. Geological

Survey.

This large-scale mapping was used in the preparation of designs

and cost estimates for the projects, for field mapping of damsite and

reservoir geology, for computation of reservoir capacities and surface

areas, to determine potential recreation areas, and to lay out necessary

road relocations.

Geologic Investigations

Evaluation of geologic factors is essential in the preparation

of plans, designs, and cost estimates for physical featxires of water

development projects. Geologic investigations for the South Fork included

(l) study of geologic formations with particular emphasis on the sites of

proposed structures, (2) surface geologic mapping of dam and reservoir

sites, (3) collection of soil samples to determine the properties of

available materials, and (4) determination of quantities of available

materials. In studying the sites, onphasis was placed on the determina-

tion of rock types, degree of weathering, patterns of jointing, the

nature and extent of shear zones, and other engineering properties of

fotuidation materials.

Geologic studies for this investigation varied from preliminary

reconnaissance of surficial geologic feat\ires at some sites to subsurface

exploration at other sites. The geologic conditions encountered at those

sites considered likely for near-future construction are described in

Chapter k. Results of all of the geologic studies conducted for this

investigation were recorded in an office report, "Engineering Geology of

Damsites, South Fork Eel River Study", which is available in the files

of the Northern District, Department of Water Resources, in Red Bluff.
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Designs and Cost Estimates

The preparation of realistic designs and cost estimates is of

vital importance in the economic evaluation of water development projects.

All cost estimates prepared during this investigation include allowances

for costs of engineering, administration, contingencies, and interest

during construction. Annual costs were computed for a 100-year period

of analysis and a k percent interest rate with an appropriate allowance

added for operation, maintenance, and replacement.

Preliminary designs and cost estimates, based on 1966 price

levels, were prepared for those projects considered likely for near-

futvire construction. These estimates were reviewed by the Department's

Division of Design and Construction and are on file in the Northern

District office in an office report, "South Fork Eel River Study - Designs

and Cost Estimates".

The cost of property to be acquired can be of major consequence

in preparing cost estimates for water projects. Property appraisals, in-

cluding land values, improvements, and severance costs, were prepared for

all of the South Fork projects. Memorandum reports on each of the three

projects discussed in Chapter k are on file in the Northern District

office.

Economic Justification

The economic justification of projects under study was determined

by comparing the total capitalized value of primary project benefits with

the total project cost. This comparison was made on a present worth basis

using a 100-year period of analysis and a h- percent interest rate, with

an assumed project construction date of 1975. Proper inclusions were made

for the value of future additions to the projects and for operating and

maintaining the projects.

The comparison of project benefits and costs is normally made

in the form of a fraction designated the benefit-cost ratio. A project

is considered to be economically justified if its primary benefits exceed

its costs; in other words, if its benefit-cost ratio exceeds unity.
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CHAPTER 4 PLANS FOR WATER DEVELOPMENT

Thrcaigh the inventory and inspection of damsites described in

the previous chapter, the field of study for this investigation vas nar-

rowed to three potential projects, Cahto, Panther, and Standley. These

three projects were evaluated in detail to determine the services they

could provide and the benefits which could be realized from those services.

This chapter describes the physical features, operational criteria, eind

accomplishments of these projects and summarizes the economic evaluation

of project costs and benefits. It also includes a discussion of low dams

for recreation purposes.

The Cahto Projert

The Cahto Project (Figure 6) would be located on Tenmile Creek

at the north end of Laytonville Valley, about six miles north of Laytonville.

A 163-foot zoned earthfill dam at this site would impound a reservoir of

95>500 acre-feet of water, covering 1,7^0 acres at a normal water surface

elevation of 1, 58O feet. Headwaters of the reservoir would be about one

mile west of Laytonville. Much of the land bordering the 36-mile shore-

line of the reservoir is relatively flat meadow, ideally suited for recrea-

tion development. These developable lands, together with the ready access

from Highway 101, make water-associated recreation the predominant accom-

plishment of the Cahto Project.

Hydrology

The drainage area at Cahto damsite is 50.3 square miles and the

mean annvial runoff is 91^^+00 acre- feet, yielding an annual runoff-area

ratio of approximately 1,800 acre-feet per square mile. Runoff estimates

were derived from the records of the stream gaging station "Tenmile Creek

near Laytonville", which is located just upstream from Cahto damsite.

(See Table 9 in Chapter 2.)

A probable maximum flood with a peak discharge of 35>500 cfs

and a standard project flood hydrograph with a peak discharge of 2^,000 cfs

were computed for Cahto damsite. These flood peaks were used in the design
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of diversion works and the spillway for the project. The largest recorded

flow at the gaging station was l4,500 cfs in December 1964.

Geology

Fo\indation exploration at Cahto damsite was limited to surface

geologic mapping and a seismic refraction survey. The results of these

studies are presented in an office report, "Engineering Geology of Damsites,

South Fork Eel River Study", which is on file in the Northern District

office. The geology of Cahto damsite is shown in Figure 7'

The Cahto damsite and reservoir area are xinderlain by rocks of

the Franciscan Formation. Rock types include sandstone, shale, greenstone,

chert, and a variety of metamorphics consisting principally of blue schist.

Sandstone is the dominant rock type at the damsite and throughout the

reservoir area.

Heavy overburden in portions of the Tenmile Creek Channel and

on the adjacent slopes obsc\ires most of the bedrock, making identification

of the geologic structures at the site difficult without drilling or trench-

ing. However, it was determined that extensive shearing has occurred

adjacent to the damsite, with one of the larger shear zones passing through

the area just above the right abutment. Due to the combination of shear-

ing, favilting, and jointing, the bedrock at the site varies from moderately

to very blocky and seajny. In spite of the large amount of fractioring

many of the fractures are tight and in some instances appear partly healed.

Small slides exist on both sides of the channel immediately up-

stresim and downstream from the proposed damsite. Removal or stabilization

of portions of these slides above the embankment or spillway will be ne-

cessary. Foundation preparation would include the removal of slope wash

deposits, terrace deposits, local slides, and stream gravels.

In conclusion, the reconnaissance-level geologic investigation

indicated that: (l) the site appears suitable for a 163-foot earthfill

dam, (2) the left abutment appears suitable for a spillway site, (3) there

are no known active faults at the site, (4) the foundation appears to be

impervious, but because of fract\iring a grout curtain should be installed,

and (5) drilling and trenching will be necessary at the site to acc\irately
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determine the position of shear zones and to more accurately determine

the sxiitability of the foundation for construction of a dam at this

location.

Construction Materials

Impervious and pervious borrow materials are present within or

near the reservoir area. The haul distances are reasonable and generally

good access exists. An estimated 2,000,000 cubic yards of impervious

material are located in the proposed reservoir within two miles of the

damsite. Approximately 1,000,000 cubic yards of pervious streambed

gravels are located in Tenmile Creek within three miles of the damsite.

Rock from the spillway site on the left abutment appears to be suitable

for rockfill and riprap. The locations of proposed material borrow areas

are shown in Figxire 6.

Cahto Dam would require 88ij-,000 cubic yards of fill material,

of which 213,000 cubic yards would be impervioiis core, it-77,000 cubic yards

woiild be pervious shell, and 19^,000 cubic yards wo\ild be rockfill and

riprap.

The Department of Parks and Recreation has siiggested that, during

the processing of stream gravels for the drain zone of the dam, excess

material of the appropriate size be stockpiled for constructing swimming

beaches in the recreation areas. The mining of stream gravels should be

properly planned to avoid the destruction of spawning areas for anadromous

fish.

Project Features - Designs and Costs

The CaJito Project as proposed wo\ald consist of the following

features: (l) dam and appiirtenant structures, (2) reservoir, (3) recreation

facilities, and (4) Highway 101 relocation around the reservoir. General

project features are shown in Figure 7 a^d described in detail in the

following sections.

Cahto Dam . The dam wotild be a zoned gravelfill embankment

163 feet high with the crest at elevation 1,588 feet. The section would

consist of an impervious core zone supported by shells of select stream

gravels. Rock quarried from the spillway and approach chsinnel would be
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FIGURE 7
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STREAM DEPOSITS

Franciscan gravels, sancis and silts.

SLOPE WASH
Widespread and locally deep cover of rocky

soil derived from Franciscan bedrock.

LANDSLIDES AND SLUMPS
Landslides and slumps of various sizes and

depths.

TERRACE DEPOSITS
Discontinuous, thin bpdjes of gravels and sands.

SANDSTONE
Graywacke sandstone with minor amounts of

shale. Sandstone fractured, and shale usually

sheared.

GREENSTONE
Hard, moderately fractured rock; isolated

exposures of various sizes.
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CHERT
Hard, brittle, crumpled rock; isolated exposures

of various sizes.

METAMORPHICS
Consists principally of hard, fine grained,

fragmental blue schist. Other metamorphics in-

clude schists of various types.

SYMBOLS

Attitude of bedding

Attitude of crumpled beds

Attitude of jointi ng

Geologic contact - dashed v/here approximately

located and dotted where concealed.

Fault showing dip of fault plane. Dashed where
approximately located.

Shear zone. Dotted where projected beneath

cover. Question marks indicate further pro-

jections may not be reliable.
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\ised on the exterior faces of the dam to provide slope protection and add

to the stability of the section under rapid drawdown conditions.

ZONE MATERIALS

(T) SANDY CLAY - IMPERVIOUS

(D STREAMBEO GRAVELS - PERVIOUS

@) PROCESSED STREAMBED GRAVELS - DRAIN

(4) SPILLWAY QUARRIED ROCK

CREST ELEV 1588

W.WS. ELEV 1880

GROUT CURTAIN

CAHTO DAM - MAXIMUM SECTION

SCALE OF FEET
O SO lOO

-I <

Foundation preparation would consist of stripping to solid

material and grouting.

Spillway . A concrete-lined chute spillway would be located on

the left dam abutment. Discharge wo\ild be controlled by an ogee weir at

elevation 1,553 feet topped by two 28' by 28' radial gates. The spillway

was designed to pass the probable maximum flood (35^500 cfs) with a maxi-

mum pool elevation of 1,585 feet. The maximum flood of record (lif, 500 cfs

in December 1964) could pass through the spillway with the reservoir water

sxirface at about elevation 1,571 feet. To insure the safety of the dam,

the radial gates would be constructed with a mechanism that would force

the gates open in relation to the rise in water surface above the elevation

of the top of the closed gates. This device wo\ild be independent of ex-

ternal power sources and human attendance.

The 400-foot-long by 60-foot-wide concrete chute would be founded

on a ridge of sound graywacke sandstone extending down the left abutment.

The chute woxild discharge into a l80-foot stilling basin.

A total of 261,000 cubic yards of soil and rock wovild be excavated

for the spillway. Of this, about 185,000 cubic yards of yards of rock

could be used in Zone 4 of the dam.
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Outlet Works . A 68-foot-high vertical, multiple- level intake

tower would be located on the right abutment. Flow into the intsike would

be regulated by three 45-inch butterfly valves. A low-level intake would

be positioned at the upstream end of a cut-and-cover diversion conduit in

the existing stream channel. The tower, in conjvuaction with the low-level

outlet, would allow releases at various levels to control the temperature

of water withdrawn from the reservoir.

Cahto Reservoir . The reservoir wo\ild have a gross storage capa-

city of 95,500 acre-feet at a normal water surface elevation of 1,580 feet,

covering an area of 1,7^0 acres. Approximately 4,850 acres of land would

have to be acquired for the reservoir and recreation development areas.

Reservoir capacity and water surface area at various water sirrface elevations

are shown in the following graph.

The basic project cost for land acquisition was determined from

the minimum amoimt of land necessary to construct and operate the project.

This area would be the maximum water surface area plus a stilp of land

300 feet wide around the shoreline, or about 3^700 acres altogether. The

cost of additional areas required for recreation development is included

with the recreation facilities cost.

The reservoir would require clearing between the normal water

elevation of 1,580 feet and the minimum water elevation of 1,520 feet.
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Delaying the construction of the Cahto Project until after the

highway improvement is completed would require that the project then bear

the entire cost of constructing a freeway around the reservoir area. Such

delay would increase the capital cost of the project by about $5,700,000.

Recreation Facilities . The cost of recreation facilities for the

Cahto Project was determined by the Department of Parks and Recreation.

These facilities would be constructed in five areas (see Figure 6) comprising

about 1,150 acres. Installation of facilities would Tie staged in accordance

with the predicted recreation use of Cahto Reservoir as presented in

Appendix B. Initial facilities would accommodate about 538,000 visitor-

days per year. Additional facilities wovild be biiilt as needed, up to

the maximum use capacity of about 3,750,000 visitor-days by the end of

the period of analysis.

In addition to the facilities costs developed in Appendix B,

the initial capital cost of recreation development would include the costs

of additional lands for recreation use and access roads.

Fish and Wildlife Preservation. The cost of facilities to main-

tain the fish and wildlife populations in the reservoir area were determined

by the Department of Fish and Game. Estimates of the req\aired facilities

and costs are presented in Appendix C. These facilities include the

development of deer range for mitigation purposes and the construction

of a fish hatchery below Cahto Dam. The construction of a multiple-

level outlet stmictiire to provide temperature control of releases from

the reservoir is also included in the cost of fish and wildlife preservation.

These costs are not considered separable costs for fish and

wildlife in allocating project costs, since the preservation of these

resources is a project obligation.

Flood Control . The flood control capability of the Cahto Project

is very limited due to the small percentage of the basin runoff that could

be controlled. The 50.3-sq\iare-mile drainage area comprises only 7.3 per-

cent of the South Fork Eel River Basin. Hence, the effect on ma.jor floods

of a flood control reservation in Cahto Reservoir would be almost unmeasxir-

able in the lower South Fork Eel River Basin.
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A reconnaissance study by the U. S. Corps of Engineers determined

the flood storage requirements and corresponding annual benefits for the

Cahto Project. The oost of providing a flood reservation was determined

as the incremental dam and reservoir cost to provide the required addi-

tional storage. Flood control releases up to 30,000 acre-feet could be

made through the gated spillway, hence no large outlet works woiild be

required for smaller reservations. To prevent encroaching on the community

of Laytonville, the maximum water surface elevation was limited to

1,585 feet. The following tabulation presents the estimated costs and

benefits for various flood control reservations.

Flood Control Capitalized Capital Cost of
Storage Benefits Providing Storage

28,000 acre-feet $2,820,000 $1,370,000

41,000 acre-feet $3,310,000 $2,640,000

65,000 acre-feet $3,^30,000 $4,110,000

These figures indicate that providing up to about 50,000 acre-

feet of flood control storage would be jiistified. However, this would

seriously infringe on the water conservation and recreation aspects of

the project. Operation studies showed that a flood reservation of about

20,000 acre-feet would be compatible with other project purposes. A

preliminary cost allocation, assigning a portion of the remaining joint

costs to the purpose of flood control, showed that a reservation of

20,000 acre-feet would be justified. Therefore, this amount of flood

control storage was included in the project formulation. Extrapolation

of the costs tabulated above indicated that the cost of providing 20,000

acre-feet of storage would be about $1,000,000. This amount of flood

storage would control only the smaller, more frequent floods. The effect

on major floods such as occurred in 1955 and 1964 would be insignificant.

Water Conservation . Project costs for water conservation are

normally determined by defining specific areas and making cost estimates

of facilities to deliver water to the service areas. In this stvidy, an

approximate unit cost was developed for various water uses and applied

to the conservation yield of the project. From the projected demand for
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water discussed in Chapter 2 and the unit costs shown in Chapter 3» the

capital cost to divert and punrp the 18,000 acre-feet of conservation yield

from the Cahto Project was estimated to be about $3,800,000. Approximately

$400,000 of this amount would be the initial capital cost with the balance

coming as future expenditures.

Summary of Costs . A summary of the estimated project costs during

the 100-year period of analysis is presented in Table 15. The initial

capital outlay for this project is estimated to be $15,100,000. The

present worth of the total expenditure diiring the period of analysis is

estimated to be $37,700,000.

TABLE 15

SUMMARY OF CAHTO PROJECT COSTS

Project Feature



TABLE 16

SUMMARY OF MONTHLY OPERATION STUDIES
OF CAHTO RESERVOIR

95,500 Acre-Feet of Storage
(In 1,000 Acre- Feet)



Local Water Supply . VJhen operated as shown in Table l6, the

Cahto Project co\ild yield l8,000 acre-feet of water for local use. Assioming

a demand buildup as shown in Table 12 in Chapter 2, this yield can meet

the needs of the South Fork Basin and the Lower Eel subunit vmtil about

1990. This yield would viltimately be distributed in the following pro-

portions: 12,5CX) acre-feet for irrigated agriculture, primarily in the

Eel River Delta; 3,500 acre-feet for urban use; and 2,000 acre-feet for

siamner recreation use. Evaluated under the criteria described in Chapter 3,

this water supply wovild provide a capitalized benefit of $12,100,000.

Flood Control . Cahto Reservoir could provide a 20,000 acre-foot

flood control reservation between October 1 and April 1 of each year.

Preliminary studies by the U. S. Army Corps of Engineers, previously dis-

c\issed under "Project Features - Designs and Costs", showed that this

amount of flood storage would provide average annioal benefits of about

$93,000. This amo\int capitalized for the 100-year period of evaluation

would have a value of about $2,300,000.

Recreation . The Cahto Project would be ideally situated for

recreation development. The project would support water-associated recrea-

tion use ranging from 538,000 visitor-days per year initially to about

3,757,000 visitor-days by the end of the period of analysis. Using the

criteria described in Chapter 3, a value of $2.26 per visitor-day was

determined for general recreation use at Cahto Reservoir. By applying

this value to the projected visitor use presented in Table 13 of Appendix B,

a total capitalized benefit for general recreation use of about $61,350,000

was determined. A portion of this benefit is credited to fishery enhance-

ment in the following section. The total benefit for non-fishing recrea-

tion use at the Cahto Project wovLLd be about $58,800,000.

The recreation use estimates for the Cahto Project were based

on maximum land acquisition and optimum development of statable lands with

a stable recreation pool. Thus, the estimates represent maximum potential

recreation use.

Releases of water from Cahto Reservoir during the stmimer months

would also enhance the potential for recreation \ise of natural pools along

the South Fork Eel River. This enhancement could not be eval\iated during

this study due to lack of data. However, observation of the area during

-67-



the summer months indicated that heavy recreation use will occur wherever

a natural pool in the river chaJinel is accessible by automobile. Enhance-

ment of the low summer streamflow, possibly coupled with development of

public access to the stream channel or development of low recreation dams,

could significantly affect the recreation potential of the South Fork Eel

River Basin.

Fish and Wildlife Enhancement . The Department of Fish and Game

foiind a significant potential for fishery enhancement at the Cahto Project,

but found that there would be only incidental wildlife enhancement. Most-

of the fishery enhancement woiLLd be accomplished by the normal operation

of the reservoir and is evaluated herein on the asstmiption that an adequate

volume of water at a suitable temperature covild be obtained from the

reservoir.

Natural production of fish in Cahto Reservoir could support

46,000 angler-days of use annually. This level of use would be reached

within the first decade of project life. Maintaining satisfactory angling

at higher levels of use would require some kind of intensive management

such as stocking catchable-sized fish. Assuming that angler use of the

reservoir would remain at 46,000 angler-days per year through the life of

the project, a general recreation benefit for fishing would be provided

that would have a capitalized value of about $2,550,000.

Releases of water from Cahto Reservoir for iirban and recreation

use wovild maintain a flow in Tenmile Creek downstream from the dam that

would exceed 20 cfs throughout the summer. This flow would enhance the

nursery areas for juvenile fish in lower Tenmile Creek, increasing the

spawning escapement by about 1,400 silver salmon and steeJliead, the com-

mercial catch by about 1,000 silver salmon, and the sport catch by about

500 silver salmon and steelhead. This increase would provide capitalized

benefits of about $192,000.

A fishery maintenance release of 100 cfs from Cahto Reservoir

beginning on October 15 would provide a minimum outflow from the South

Fork Eel River of about 150 cfs. Flows of this magnitude could attract

spawning king salmon into the basin before the fall rains begin. This

early entry co\ild cause a significant increase in angler use, as discussed

in Chapter 3' The estimated increase in angling use would provide fishery

enhancement benefits with a capitalized value of about $3,448,000.
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In addition, a 100-cfs release from Cahto Reservoir from October 15

through December 31 could enhance spawning areas for king salmon in the

South Fork Eel River below Benbow Dam. The Department of Fish and Game

has estimated that this flow would increase the king salmon spawning

population by about 1,400, the commercial catch by 2,200, and the sport

catch by 600. These additional fish would have a capitalized value of

about $310,000. Thvis the total fishery enhancement benefit would be about

$6,500,000.

Snmm»ry of Project Benefits . A summary of the estimated benefits

for the Cahto Project is presented in Table 17* The present worth of the

total benefits is $79,700,000.

TABLE 17

SUMMARY OF CAHTO PROJECT BENEFITS

Present Worth of

Project Purpose Total Benefits

Water Conservation $12,100,000

Flood Control 2,300,000

Recreation 58>800,000

Fisheries Enhancement 6,500,000

TOTAL $79,700,000

Economic Jiistification

The criterion \ised to measiire the economic justification of a

proposed water project is the ratio of benefits to costs. For a project

to be economically justified, the primary tangible benefits must exceed

the total project costs over the same period of time.

The Cahto Project, if constructed in 1975 and operated as shown

in Table l6, would provide total benefits of $79,700,000 with a comparable

total project cost of $37,700,000. The resulting benefit-cost ratio is

2.11 to 1.00. Therefore, the Cahto Project is economically justified.
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The Panther Projea

The Panther Project (Figure 8) woxild be located on the East

Branch of the South Fork Eel River about one mile upstream from its con-

fluence vdth the South Fork. A 2^40-foot dam would impound a reservoir

of 80,200 acre-feet of water, covering 92O acres. The reservoir would be

about 5 miles long and have a shoreline of almost 20 miles. The terrain

surrounding the reservoir is very rugged, with very little level area

suited to the development of onshore recreation facilities. The primary

purpose of this project wovild be the development of additional water to

serve the growing needs of the study area.

Hydrology

The drainage area at Panther damsite is 7^.8 square miles and

the mean annual runoff for the 50-year period from 1911 through i960 is

1^7,900 acre-feet, or about 1,980 acre-feet per sqiiare mile. Runoff esti-

mates (see Table 10 in Chapter 2) were derived from the records of stream

gaging stations within the basin by an area-precipitation relationship.

The probable maximum flood with a peak discharge of 44,000 cfs

was computed for Panther damsite. This flood flow was used in sizing

diversion works and designing the spillway for the project.

Geology

Geologic exploration for the Panther Project was limited to

siirface geologic mapping of the damsite and reservoir area, a seismic

refraction survey at the damsite, and drilling of six bucket auger holes

in the terrace deposits on the lower left abutment. The results of the

geologic investigation are presented in an office report, "Engineering

Geology of Damsites, South Fork Eel River Study", which is on file in

the Northern District office. The geology of Panther damsite is shown

in Figure 9.

The principal fovuadation rocks at Panther damsite are mudstone,

siltstone, and sandstone of the Panther Formation of Pliocene age. A

considerable amount of Franciscan Formation greenstone is also present

-70-



in the upper left abutment. Much of the geologic structure of the site

is partially obscured by overbiirden comprised of slide debris, soil,

slopewash, and stream-deposited gravel and silt.

Landslides of various types and sizes occtir throughout the water-

shed of the East Branch. Some loss of storage capacity should be antici-

pated due to silt loads in the stream and to active landslides moving into

the reservoir area. Landslides into the reservoir are not considered a

major threat to the safety of the dam, but the action of waves generated

by landslides should be considered in the design of the dam.

It was concl\ided that the site will provide an adequate fo\m-

dation for a properly designed earthfill dam and that the sandstone and

shale on the right abutment will provide a suitable foimdation for a chute

spillway. Underlying rocks in the reservoir area are essentially tight

and no leakage is expected. Sandstone at the damsite may be slightly

permeable, and minor leakage thro\igh the foundation is possible. A grout

curtain should be installed.

Construction Materials

Stifficient material for the pervious and impervious zones of the

dam are available at reasonable havil distances. The locations of proposed

borrow areas are shown in Figure 8.

Panther Dam would requLre 5,575,000 cubic yards of fill material,

of which 1,950,000 would be impervious core, 3,5^0,000 would be pervious

shell, and 85,000 would be rock riprap.

Material for the impervious core section would be obtained from

within the reservoir area. The proposed borrow area was explored by drilling

12 auger holes to an average depth of 19 feet. Sanrples of the material

were tested and fovmd to be suitable for use as impervioiis fill. Test

results are included in the previously mentioned geology office report.

Material for the pervious shell of the dam wotild be obtained

from the channel of the South Fork Eel River or from the lower East Branch

channel. Based on field inspection of the sites, it was concluded that

the gravels would be suitable for pervious fill material. Gravels from

the East Branch channel would require special processing to remove excess

fine material and a significant percentage of soft, unacceptable gravels.
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Project Featxxres - Designs and Costs

The Panther Project as proposed woiold consist of: (l) dam and

appurtenant structures, (2) reservoir, and (3) recreation facilities.

General project featxires are shovn in Figure 9 aJ^d described in detail

in the following sections.

Panther Dam . The dam would be a gravelfill section with a

central impervious core, 2^+0 feet high. The crest woiild be at elevation

630 feet, providing a freeboard of 13 feet above the maximum water surface

elevation of 617 feet. This freeboard would protect the embankment from

damage by waves created by landslides in the reservoir area. The various

zones in the dam are shown in the drawing below.

CREST ELEV 630'

NWS ELEV 600

ZONE MATERIALS

® SAND CLAY- IMPERVIOUS

@ STREAM SANDS GRAVEL- PERVIOUS

(D DRAIN-PROCESSED STREAM GRAVELS

PANTHER DAM -MAXIMUM SECTION
SCALE OF FEET
O 100

Fo\mdation preparation would consist of stripping to solid

material^ excavating a cut-off trench to bedrock, and grouting.

Spillway . A concrete-lined chute spillway would be located on

the right dam abutment. The headworks would consist of a 185-foot ogee

weir at elevation 6OO feet. Downstream from the crest, the discharge

chute would converge from 185 to kO feet in width and terminate in a

stilling basin. The spillway was designed to pass the estimated probable

maximiom flood (44,000 cfs) with a maximum pool elevation of 617 feet.
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PANTHER DAM

PROFILE OF SPILLWAY
SCALE OF FEET

lOO O lOO 200 3O0

I I

The headworks and spillway chute would be founded on sandstone

and mudstone of the Panther Formation. The rapidly weathering mudstone

would require a special sealing process inunediately after excavation to

prevent slaking.

A total of 256,000 cubic yards of soil and rock would be ex-

cavated for the spillway. A more extensive investigation of the rock will

be required before it can be considered as dam embankment material.

Outlet Works . Discharge from the reservoir wovLLd be through a

30-inch steel pipe in a cut-and-cover diversion cond\iit, with release

controlled by a 2^4-inch Howell-Hunger valve. Provisions would be made

for withdrawing water from selected levels in the reservoir to control

the teiirperat-ure of releases. The outlet woiild discharge into the spillway

stilling basin.

Panther Reservoir . The reservoir wovild have a gross storage

capacity of 80,200 acre-feet at a normal water surface elevation of

600 feet, covering an area of 920 acres. About 2,175 acres of land would

have to be acquired for the project, of which about 1,915 acres would be

for the reservoir and 26O acres for recreation development. Reservoir

capacity and water surface area at various irater surface elevations are

shown in the following graph.
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FIGURE 9
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STREAM DEPOSITS
Deposits of stream gravels, silts and sands.

Derived from the Franciscan and Panther
For motions.

SLOPE WASH
Deposits of rocky, clayey soil. The deposits

mantle the slopes at the damsite and in

reservoir areas.

LANDSLIDE DEBRIS
Slides and slumps of various types and sizes

which consists of soil and rock fragments.

TERRACE DEPOSITS
Unconsolidated deposits of cobbles and gravels

(Qtg.| as well as unconsolidated silts and sands
(Qts.).

PANTHER FORMATION
Undifferentiated marine sandstones, mudstones,

siltstones, and minor conglomerates.

MUDSTONE (Panther Formation)

Includes associated siltstone. Numerous
landslides originate on the weathered

surfaces of this unit. Dashed lines

indicate shale beds in sandstone.

"'^^f^
SANDSTONE (Panther Formation

Tpcgl-

J<fg

Generolly massive fine grained uncemented

friable rock with occasional pebbly zones

and minor cross bedding.

CONGLOMERATE (Panther Formation]

Generally forms resistant ridges Siltstone

and mudstone units are oresent.

GREENSTONE
Altered mafic volcanic rock. Moderately

fractured, with numerous local variations.

Generally resistant to erosion.

SYMBOLS

^^ Attitude of beds

==!.. Attitude of joints

s Geologic contact - dashed where

approximately located and dotted where

concealed. _j_
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Flood Control . Several proposals for flood control were con-

sidered in evaliiating the Panther Project, with flood storage reservations

ranging from 20,000 to 80,000 acre-feet. Economic analysis on the basis

of the criteria given in Chapter 3 showed that the cost of providing flood

control would exceed the expected benefits for the entire range of storage

reservations. Therefore, the piirpose of flood control coxold not be included

in the formulation of this project.

Water Conservation . Project costs for water conservation are

normally determined by defining specific service areas and making cost

estimates of facilities to deliver water to the service areas. In this

study, an approximate unit cost was developed for various water uses and

applied to the conservation yield of the project. From the projected

demand for water in Chapter 2 and the unit costs shown in Chapter 3^ the

capital cost for diverting and pimiping the conservation yield from the

Panther Project was estimated to be about $10,750^000* Appiroximately

10 percent of this amount wo\ild be the initial capital cost, with the

balance coming as future expenditures.

Svmimary of Costs . A svmimary of the estimated project costs

during the 100-year period of analysis is presented in Table l8. The

initial capital outlay for this project is estimated to be $22,600,000.

The present worth of the total expenditure dviring the period of analysis

is estimated to be $36,200,000.

Project AccompiLishments and Benefits

The Panther Project was formulated to serve the purposes of

local water supply, recreation, and fish and wildlife enhancement. In

the analysis of this project, a number of operation studies were made to

define project yields and compare alternative sizes of reservoirs. The

optimum scale of development would be near the size presented here.

However, a more advanced study, including a refined analysis of water

service areas and associated benefits, would be necessary to confirm the

size of the project.
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TABLE 18

SUMMARY OF PANTHER PROJECT COSTS

Project Feature

Operation,
Maintenance,

Capital Replacement, and
Cost General Expense*

Present Worth
of Total

Expenditxire
Over 100 Years

Panther Dam, Reservoir,
and Appurtenances

Recreation Facilities

Fish and Wildlife
Preservation

Water Conservation -

Diversion and Pumping

TOTAL

$19,900,000 $ 900,000

800,000 1,050,000

800,000 2,000,000

1,100,000 9,650,000

$22,600,000 $13,600,000

$20,800,000

1,850,000

2,800,000

10,750,000

$36,200,000

* Includes present worth of all futvire additions and expenditures.

Several combinations of project piirposes were studied for the

Panther Project. For most of these combinations the project costs exceeded

the expected benefits by a substantial margin , due primarily to the high

cost of dam construction. The one combination for which benefits would

be greater than costs includes as the principal purpose the provision of

an industrial water supply for the lower Eel River area .

The Department's Biilletin No. 1^2-1 projected am increase in

the industrial water req.uirement within the lower Eel River area due to

the construction of a 5OO ton-per-day pulp mill, probably before the year

1990. Such a mill would req.uire a firm annual water supply of 35^000

acre-feet, which covild logically be derived from the Panther Project.

The formulation of the Panther Project as presented herein

assumes the concurrent development of an industrial water requirement of

35^000 acre-feet per year. The accomplishments of such a project and

the associated benefits are described in the following sections.

Local Water Supply . When operated as shown in Table 19> the

Panther Project could provide a firm yield of 82,600 acre-feet of water

per year, of which 63,000 acre-feet coiild be released on a schedvile to

meet local needs. Industrial development in the Lower Eel subunit would
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TABLE 19

SUMMARY OF MONTHLY OPERATION STUDIES
OF PANTHER RESERVOIR

80,200 Acre-Feet of Storage
(In 1,000 Acre-Feet)



use 35,000 acre-feet per year. The additional 28,000 acre-feet of yield

could meet the urban, agriciiltural, and recreational water needs of the

South Fork Basin and Lower Eel subunit until about 2005.

Evalvtated vinder the criteria described in Chapter 3, this water

supply would provide a capitalized benefit of $17,^+00,000 for industrial

use and $l6, 600,000 for agricultxiral, urban, and recreation use, for a

total benefit of $3^,000,000.

Recreation . The Panther Project has very limited potential

for recreation development. The Department of Parks and Recreation has

estimated that the developable lands around Panther Reservoir would sup-

port water-associated recreation use of up to 5^,000 visitor-days per

year. The recreation facilities woiild be used to capacity throughout

the life of the project. Of this, 7,500 visitor-days per year would be

angling use and 48,500 visitor-days would be general recreation use.

Using the criteria described in Chapter 3, a value of $1.85 per visitor-

day was determined for general recreation use at Panther Reservoir.

Applying this value to the projected recreation use presented in Appendix B,

a total capitalized benefit for general recreation use of $2,550,000 was

determined. A portion of this benefit is credited to fishery enhancement

in the following section. The total benefit for non-fishing recreation

use at the Panther Project would be $2,200,000.

Fish and Wildlife Enhancement . The Department of Fish and Game

determined that there would be a significant potential for fishery enhance-

ment at the Panther Project, but fovmd that there wo\ild be only incidental

wildlife enhancement. Most of the fishery enhancement would be accomplished

by the water supply operation of the reservoir and is evaluated on the

assumption that an adequate volume of water at a suitable temperatiire could

be obtained from the reservoir.

Natural production of fish in Panther Reservoir could support

7,500 angler-days of use per year. This level of use would be reached

within the first decade of project life. Maintaining satisfactoiy angling

at higher levels of use wo\ild require some kind of intensive management

such as stocking catchable-sized fish. Asstuning that angler use of the

reservoir would remain at 7,500 angler-days per year through the life of

the project, a general recreation benefit for fishing woiild be provided

that would have a capitalized value of about $350,000.
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Releases of water from Panther Reservoir for iirban, industrial,

and recreation use would maintain a flow in the East Branch downstream

from the dam that would exceed 40 cfs throughout the summer. This flow

would enhance the nursery areas for juvenile fish in the lower East Branch

and South Fork Eel River, thereby increasing the annual spawning escapement

of silver salmon and steelhead by about 3*500 fish, the commercial catch

by about 3*100 silver salmon, and the sport catch by about 1,300 silver

salmon eind steelhead and about 17,500 trout. This enhancement would provide

capitalized benefits of about $950,000.

A fishery maintenance release of 150 cfs from Panther Reservoir

beginning on October 15 woiild provide a minimum outflow from the South Fork

Eel River of about 200 cfs. Flows of this magnitude coxild attract spawning

king salmon into the basin before the fall rains begin. This early entry

could cause a significant increase in angler use, as discussed in Chapter 3»

The estimated increase in angling use wotild provide fishery enhancement

benefits with a capitalized value of about $3,^50,000.

In addition, the release of 150 cfs from Panther Reservoir from

October 15 through December 31 coxild enhance spawning areas in the South

Fork Eel River below Benbow Dam. The Department of Fish and Game has

estimated that this flow woiild increase the king salmon spawning population

by about 1,200, the commercial catch by 1,900, and the sport catch by

about 500. These additional fish would have a capitalized value of about

$250,000.

Summary of Project Benefits . A summary of the estimated benefits

for the Panther Project is presented in Table 20. The present worth of

the total benefits is $41,200,000.

Economic Justification

The criterion used to measure the economic justification of a

proposed water project is the ratio of benefits to costs. For a project

to be economically justified, the primary tangible benefits must exceed

the total project costs when compared over the same period of time.
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TABLE 20

SUMMARY OF PAHTHER PROJECT BENEFITS

Present Worth of

Project Purpose Total Benefits

Water Conservation - Indiistrial $17,^00,000

Water Conservation - Other l6, 600,000

Recreation 2,200,000

Fisheries Enhancement ^,000,000

TOTAL $^4-1,200,000

The Panther Project, if constructed in 1975 and operated as

shovn in Table 19, would provide total benefits of $41,200,000 with a

comparable total project cost of $36,200,000. The restating benefit-

cost ratio is l.l4 to 1.00. Therefore, the Panther Project as presented

herein is economically justified. However, this j\istification could be

negated if the demand for conserved water does not develop as asstmied or

if prior construction of the Cahto Project meets part of the water require-

ment of the area. The projected growth of the area's water requirement

assumes an expansion of the pulp and paper indiistry in the Eel River

Delta prior to the year 1990'

The Standley Projea

The Standley Project (Figure 10) is located on the upper South

Fork Eel River about five miles upstream from the community of Branscomb.

A 163-foot high dam would impound a reservoir of l6,500 acre-feet of

water, covering an area of 320 acres. The reservoir would be about two

miles long and have a shoreline of about 10 miles. The primary piupose

of this project woxild be the development of a water supply to augment the

low smnmer flows in the upper South Fork for fisheiy enhancement and to

serve the growing needs of the lower South Fork Basin.

Hydrology

The drainage area at Standley damsite is 7.I square miles and

the mean annita.1 runoff for the 50-year period from 191I through i960 is

16,900 acre-feet, or about 2,380 acre-feet per square mile. Runoff esti-

mates (see Table 7 in Chapter 2) were derived from the records of the

-83-



FIGURE 10

+

NORTH COASTAL AREA INVESTIGATION
SOUTH FORK EEL RIVER STUDY

STAND LEY DAM
AND

RESERVOIR
SCALE OF MILES

1/2 I

-I ^

-8i^-



stream gaging station "South Fork Eel River near Branscomb" which is

located about 12 miles downstream from Standley damsite.

A probable maximum flood with a peeik discharge of 1^4-, 000 cfs

was computed for Standley damsite. This flood flow was used in the design

of the spillway for the project.

Geology

Geologic exploration at Standley damsite was limited to surface

geologic mapping and a seismic refraction survey. The results of the

geologic investigation are presented in an office report, "Engineering

Geology of Damsites, South Fork Eel River Study", which is on file in

the Northern District office.

Standley damsite and reservoir area are underlain by rocks of

the Franciscan Formation. Franciscan sandstone, siltstone, shale, and

conglomerate of marine sedimentary origin were found at the site. Most

of these underlying rock formations are obscvired by locally deep over-

bvirden, consisting primarily of slope wash and landslides. This mantle of

surficial material makes geologic mapping difficult and results in specu-

lative interpretations. The general geologic structiire appears to consist

of a thick sequence of marine sediments that have been folded and faulted.

There are indications that a fault passes through the left abutment and

it is reasonable to suspect the presence of other faults at the damsite

concealed by overburden. Considerable subsurface exploration will be

necessary at the damsite before the foundation can be adequately evalviated.

The cursory investigative work thus far completed indicates

that the site is probably not suitable for a dam over l60 feet in height

because of possible leakage through a fairly thin saddle section south

of the site which separates the South Fork Eel River from Section Four

Creek.

Construction Materials

The exploration for construction materials for the Standley

Project was limited because of lack of time and funds. No drilling,

sampling, or testing was done on any of the proposed borrow sites. The

borrow areas shown on figure 10 were evaltiated on the basis of a surface

exajnination.
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Standley Dam would require 1,3^*0,000 cubic yards of fill material,

of which 700,000 would be impervious core and 640,000 would be pervious

shell. Material for the impervious core section woijld be obtained from

a small valley about one-half mile northeast of the reservoir area. From

surficial observations it appears that voltimes far in excess of those

required are present. The pervious shell of the dam wovild be constructed

of rock quarried from a large body of Franciscan greenstone, about one-half

mile south of the damsite. The presence of undesirable rock types such

as serpentine and chert will necessitate further exploration to locate the

most suitable borrow site.

Project Featiires - Designs and Costs

The Standley Project as proposed would consist of: (l) dam and

appurtenant structures, (2) reservoir, and (3) recreation facilities.

General project features are shown in Figure 11 and described in detail

in the following sections.

Standley Dam . The dam would be an earth-rock section 163 feet

high. The crest would be at elevation 1,900 feet, providing a freeboard

of 10 feet above the maximum water surface elevation of 1,890 feet. The

various zones in the dam are shown in the sketch below. Foundation prepa-

ration would consist of stripping to solid material and grouting.

ZONE MATERIALS
IMPERVIOUS

® IMPERVIOUS (RANDOM)

QUARRY FINES

OUARRT ROCK

PROCESSED OUARRT ROCK

®
®
®

GROUT CURTAIN

STANDLEY DAM - MAXIMUM SECTION
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Spillway . A concrete-lined chute spillway would be located on

the left abutment. The headworks would consist of a 110-foot-long ogee

weir at elevation 1,880 feet. Downstream from the weir crest the dis-

charge chute woiild converge from 110 to 70 feet in width and terminate

in a stilling basin. The spillway was designed to pass the probable

maximxim flood of l4,000 cfs with a maximum pool elevation of 1,890 feet.

The spillway site was selected on the basis of surface geologic

investigation. It appears that the left abutment location is the only

site which has a sviitable fo\mdation and which would be clear of potential

landslides that would endanger the spillway structxure. The major portion

of the spillway would be founded on a hard sandstone formation.

Original Ground

STANDLEY DAM

PROFILE OF SPILLWAY
SCALE OF FEET

o 50

Outlet V/orks . Discharge from the reservoir would be through a

30-inch steel pipe in a cut-and-cover diversion condviit, with release

controlled by an l8-inch Howell-Bunger valve. Provisions would be made

for withdrawing water from selected levels in the reservoir to control the

temperature of releases. The outlet would discharge into the stream

channel below the dam.

Standley Reservoir . The reservoir would have a gross storage

capacity of l6,500 acre-feet at a normal water surface elevation of
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+ STANDLEY PROJECT GEOLOGIC PLAN AND SECTION +

Note: Darker areos of sondstone (J<fs) and
shote (iKfshl indicate bedrock outcrops

CONTOUR INTERVAL 20'
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800 2000
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FIGURE II
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STANDLEY PROJECT GENERAL PLAN

Qls

Ot

J<fs

J<fsh

200
I—

t

SCALE OF FEET
O 200 400

I—

I

I I

CONTOUR INTERVAL=20 FEET

LEGEND

STREAM DEPOSITS
Consists of unconsolidated gravels, silts and
sands. Deposits ore generally thin and discon-

tinuous.

SLOPE WASH
Consists of locally deep deposits of soil and

weathered rock debris. Where deposits ore

deep and slopes are steep potential slide

conditions exist.

LANDSLIDE DEBRIS

Slides and slumps of various sizes and depths

consisting of a chaotic distribution of soil and
rock debris.

TERRACE DEPOSITS
Includes slightly consolidated deposits of sand

and gravel. Appear to be generally thin and

discontinuous. Older terraces on some ridge tops.

SANDSTONE
Generally massive, fine grained, well indurated

moderately fractured graywocke. Includes minor

amounts of interbedded conglomerates.

SHALE AND SILTSTONE
Generally moderately fractured and locally

crumpled.

J<fg

J<fch

/ / ^ //t

GREENSTONE

Locally deeply weathered and moderately
fractured. Associated with serpentine

and/or chert.

CHERT
Hard, brittle, well-fractured, red to green in

color and generally contorted.

METAMORPHICS

Includes meta-sandstone, meto-greenstone,

meta-chert, usually schistone.

.^5

\\\v^

SYMBOLS
Attitude of bedding

Geologic contact, dashed where

approximately located.

Fault, dotted, where concealed

Shear zone, dotted where concealed.

Question marks where presence

not certain.

Possible fault

Disturbed bedding - crumpled and/or
lightly foliated.

^ +
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1,880 feet, covering an area of 320 acres. About 1,370 acres of land

woiild have to be acquired for the reservoir and recreation development.

Reservoir capacity and water surface area at varioiis A'ra.ter surface ele-

vations are shown in the following graph.

RESERVOIR AREA IN HUNDREDS OF 4CRES

3



Fish and VJildlife Preservation . Project costs for maintaining

the fish and wildlife populations in the reservoir area were determined

by the Department of Fish and Game. These costs consist of the develop-

ment and maintenance of 230 acres of deer range for mitigation piirposes.

Flood Control . The limited storage capacity ajid the headwaters

location of the Standiey Project combine to make its potential for flood

control almost nonexistent. This purpose was not included in the formu-

lation of the project.

Water Conservation . Project costs for water conservation were

determined from the projected demand for water in Chapter 2 and the unit

costs shown in Chapter 3. The capital cost for diverting and pumping the

conservation yield from the Standley Project was estimated to be about

$690,000. Approximately 10 percent of this amovuit woiild be the initial

capital cost, with the balance coming as future expenditures.

Summary of Costs . A summary of the estimated project costs

during the 100-year period of analysis is presented in Table 21. The

initial capital outlay for this project is estimated to be $7,200,000.

The present worth of the total expenditure during the period of analysis

is estimated to be $9,500,000.

TABLE 21

SUMMARY OF STANDLEY PROJECT COSTS

Project Feature



Project Accomplishments and Benefits

The formulation of the Standiey Project included the purposes

of local water supply, recreation, and fish and wildlife preservation axid

enhancement. In the analysis of this project, several operation studies

were made to define project yields and compare alternative sizes. Ini-

tially a much larger development was considered for this site (water sur-

face elevation 192O feet with a storage of 32,500 acre-feet). However

the questionable foundation geology and potential leakage through the

narrow ridge south of the dam limited the maximum size of the project to

the scale as presented herein. The following sections describe the accom-

plishments of this smaller project and the associated benefits.

Local Water Supply . When operated as shown in Table 22, the

Standley Project could maintain a minimum flow in the South Fork Eel

River of 10 cfs. Of the firm annual release of 7^200 acre-feet, about

2,550 acre-feet would be released diiring the summer months of low supply

and covild be used for virban and recreation purposes in the Lake Benbow

and Humboldt Redwoods sub\jnits of the lower basin. This water supply woiild

provide a capitalized benefit of $4,200,000.

Recreation . The Standley Project has a very limited potential

for recreation development. The Department of Parks and Recreation has

estimated that the developable lands around Standley Reservoir would

support water-associated recreation use of up to 60,000 visitor-days per

year. The recreation development would be used to capacity throughout

the life of the project. Using the criteida described in Chapter 3^ a

value of $1.75 per visitor-day was determined for general recreation use

at Standley Reservoir. By applying this value to the projected recreation

use presented in Appendix B, a total capitalized benefit for general

recreation use of $2,600,000 was determined. A portion of this benefit

is credited to fishery enhancenent in the following section. The total

benefit for non-fishing general recreation use at the Standley Project

wo\ild be about $1,800,000.

Fish and Wildlife Enhancement . The Department of Fish and Game

determined that there is a significant potential for fishery enhancement

at the Standley Project, but found that there is no potential for wildlife
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SUWABY OF NOnELY GPERATICH STUDIES
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enhancement. The fishery enhancement is evaluated on the assumption that

an adequate volume of water at a suitable temperature could be obtained

from the reservoir.

Natural production of fish in Standley Reservoir cotild support

l8,(X)0 angler-days of \ise per year. Assuming that angler use of the

reservoir would remain at l8,000 angler-days per year through the life of

the project, a general recreation benefit for fishing would be provided

that would have a capitalized value of about $800,000.

The maintenance of a minimum flow of 10 cfs in the South Fork

Eel River below Standley Dam would enhance nxorsery areas for juvenile

silver salmon and steelhead. This enhancement would increase the spawning

population of silver salmon and steelhead by about 1,500 fish, the commer-

cial catch by about 1,300 silver salmon, and the sport catch by about

550 silver salmon and steelhead and 9^000 trout. These increases woiild

provide a capitalized benefit of about $400,000.

The Standley Project coiild not provide sufficient water to

enhance spawning conditions in the river or to attract fish into the

river before the fall rains. Hence, no benefits can be attributed to the

project for these purposes.

Summary of Project Benefits . A siunmary of the estimated benefits

for the Standley Project is presented in Table 23. The present worth of

the total benefits is $7,221,000.

TABLE 23

SUMMARY OF STAl^lDLEY PROJECT BETJEFITS

Project Purpose
Present V/orth of
Total Benefits

V/ater Conservation

Recreation

Fisheries Enhancement

TOTAL

$4,200,000

1,800,000

1,200,000

$7,200,000
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Economic Justification

The criterion used to measure the economic justification of a

proposed ^Tater project is the ratio of benefits to costs. For a project

to be economically justified, the primary tangible benefits mvist exceed

the total project costs when compared over the same period of time.

The Standley Project, if constructed in 1975 sld.^ operated as

shown in Table 22, wo\ild provide total benefits of $7,200,000 with a

comparable total project cost of $9,500,000. The resulting benefit-cost

ratio is O.76 to 1.00. Therefore, the Standley Project is not economically

jtistified.

Cost Revision

A detailed presentation of the project designs and cost estimates

can be foimd in an office report, "South Fork Eel River Study - Designs

and Cost Estimates", dated April I967, which is on file in the Morthem

District office.

The office report was reviewed by the Staff Engineering Branch

of the Department's Division of Design and Construction and revised in

accordance vdth the Branch's comments where appropriate. The cost esti-

mate for the Standley Project -iras not revised, since the preliminary

analysis showed the project to be not economically justified and the

suggested changes would increase the project costs. Therefore, the cost

of Standley Dam, Reservoir, and Appurtenances, as shown in Table 21, is

low, and the project would actually show a more unfavorable benefit-cost

ratio than that described above.

Low Dams for Recreation

The South Fork Eel River Study included limited considearation

of low temporary dams on the main South Fork for recreation p\irposes.

This phase of the study considered the possibility of creating recreation

pools at favorable locations along the river id.thout interfering with

the migration of anadromous fish.
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FIGURE 12. TYPES OF LOW DAMS

BEAM AND FLASHBOARD DAM
(Russian River Recreation and Park District, Guerneville)

DWR Photographs
j

IMBERSTON FABRIDAM
(Photographs courtesy of the Firestone Coated Fabrics Company)

November 1966

**t,.

June 1967

GRAVEL DAM
(Bell Glen Resort near Leggett)

DWR Photographs
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Low dams of many types have been used at various locations in

the North Coast area for many years to create summer recreation pools.

Three of the more notable sites are the Healdsburg Community Park, the

Russian River Recreation and Park District at Guemeville, and Benbow

Leike State Recreation Area. Within the South Fork Basin, several resort

owners have created recreation pools by building temporary dams of stream

gravels. These gravel dams merit close examination since their total cost

is usiially less than the annual cost of operation on any permanent structure.

The first proposal for a formal study of low-level recreation

dams was made at the public hearing on the Department of Resources'

Bulletin No. 92, "Branscomb Project Investigation", in Willits in 1964.

At that hearing, Mr. Otto von Seggem proposed an alternative to the

Branscomb project - development of the tributary streams in the South

Fork Basin and the development of low-level recreation pools at nine

locations along the South Fork Eel River.

Within the South Fork Eel River Study, seven possible low-level

recreation sites were inspected. These sites were Weott, Myers Flat,

Miranda, Phillipsville, Garberville, Piercy, and Leggett. The Garberville

and the Miranda, sites were determined to be the most practical. Plane-

table topographic surveys of these two reservoir areas were made in the

summer of I966.

Four types of dams were considered for impounding recreation

pools on the South Fork Eel River. These four types are concrete weirs,

beam and flashboard, the Firestone Fabrldam, and gravel dams (see

Figure 12).

Concrete overflow dams, similar to the existing Benbow Dam,

were considered briefly in this study and rejected as impractical. Sedi-

ments carried by high flows in the South Fork would fill the reservoir,

probably in a few years. The natural reservoir of the existing Benbow

Dajn is completely filled with sediment, making it necessary to supplement

the dam with an 11-foot board and beajn superstructure to impound a recrea-

tion pool. It would be unwise to create a similar situation at another

location on the South Fork Eel River.

Several different designs of flashboard- type, low-level dams

were inspected for this study. The most practical installation appears
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to be a permanent-beam installation with removable flashboards. Experience

with collapsible structures, such as hinged beams, has indicated that

these structures are subject to high operation and installation costs.

The Russian River Recreation and Park District has indicated that their

experience with a flashboard dam of the type illustrated shows that it is

operable and has low operation and installation costs.

Another type of low- level dam that may be very practical for

use in the South Fork Eel River is the Imbertson Fabridam made by the

Firestone Coated Fabrics Company. However, this structixre may be somewhat

more expensive than the other types discussed. The Firestone Company has

frequently demonstrated its willingness to participate in planning efforts

on low-level dam installations.

The flashboard dams and Fabridams are permanent installations

that have several advantages and disadvantages. As permanent structural

units, they may possibly be financed with state or federal assistance.

They will require an annual expenditure for operation and maintenance and

have a limited lifetime — about 5 years for the timber portion of flash-

board structures and about 20 years for the Imbertson Fabridam. Also,

they may require substantial expenditures for foundation construction.

Any foimdation structixre in the South Fork Eel River channel must be

designed and constructed to withstand substantial flood flows. Preliminary

studies have shown that foundation costs alone may range from $100,000

to $500,000 for any single installation.

A more practical approach to the creation of recreation pools

in the South Fork Eel River may be that used by several resort owners

along the stream at present - the casual construction of ci\ide gravel

dams across the river that remain only until the first high flows in the

fall sluice them away. These gravel dams have several distinct advantages

for the South Fork Basin. They are extremely inexpensive. The gravel

dam illustrated in Figure 12 was installed in 1966 for less than $300.

Preliminary studies have shown that gravel dams are almost maintenance free,

require no operation, and can be installed for less than the annual opera-

tion and maintenance costs of most permanent installations. They are

nat\iral in appearance and can be used for roadways for low-water crossings.

Also, they can be of distinct advantage to water q\iality in the river
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since they act as natural sand-gravel filters for part of the flow. Gravel

dams can he hiiilt at the most desirable location each year and do not repre-

sent a permanent capital investment. However, these temporary structures

have one overriding fault. It is doubtful that state or federal contribu-

tions could be made to the development of a recreation area arovind a

recreation pool that is not permanent.

The pools created by low-level dams within the South Fork may

be of substantial benefit to the anadromous fishery, particularly silver

salmon ajid steelhead. There is insufficient data to reach definite con-

clusions, but studies by the Department of Fish and Game have indicated

that maximum water temperatures at the lower levels of these pools will

remain 6 to 10 lower than in the natural stream channel. This would

tend to alleviate one of the major problems of anadromous fish in the

South Fork Basin, as cited in Appendix C, namely water temperatures in

the summer months that are occasionally too high for juvenile salmon and

trout

o

Since the South Fork Eel River Study focused on major reservoir

developments on tributary streams, the low-level recreation dam study was

limited in scope. Any detailed studies of low-level recreation dams would

most logically be initiated by the local community directly affected by a

proposed project. The Department of Parks and Recreation believes that

these structures should occupy an iniportant position in future planning

in the South Fork Eel River Basin. The Department of Water Resoiorces

recommends, in Chapter 1 of this report, that interested local communities

initiate studies of this type of development. This Department could pro-

vide advice to communities on these studies.
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CHAPTER 5. PROJECT IMPLEMENTATION

The usual steps in water project implementation are reconnaissance

studies, feasibility studies, authorization, final design, and construction.

Chapters 1 through k of this report have presented the results of a recon-

naissance study. This chapter discusses the activities involved in con-

ducting feasibility studies and attaining project authorization.

Feasibility Studies

For a project to be considered feasible for development it must

generally possess the three following qualifications: (l) engineering

feasibility, (2) economic justification, and (3) financial feasibility.

In general terms a project is considered to possess engineering feasi-

bility if it can be constructed safely by accepted techniques at a reason-

able cost. While engineering feasibility has been determined to recon-

naissance standards at the sites selected in this report, additional

geologic exploration and detailed designs would be needed to bring this

determination up to feasibility study standards.

Economic justification req.\iires that the estimated benefits

exceed the corresponding costs of the project. Refined benefit and cost

estimates should be completed to feasibility standards to demonstrate

economic justification to the extent necessary for project authorization.

A project is considered to be financially feasible if funds for

construction and operation of the project are available, and further, that

reimbursable items can be repaid from the project revenues at the stipulated

interest rate. One of the first steps in determining financial feasibility

is the preparation of refined cost estimates. These estimates are needed

to insure that funds authorized will be sufficient to complete project

construction. Another vital step in determining financial feasibility is

to allocate the total project cost among the various purposes served by

the project. Preparation of refined cost allocations is one of the major

purposes of feasibility studies and requires much more advanced data than

are normally available in a reconnaissance-level study. A cost allocation
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identifies the reimbursable and the non- reimbursable project costs and

thereby provides insight into the most logical methods of project financing

and authorization.

It is not within the scope of this report and it is not possible

at this time to show all possible means of financing the projects. However,

the most obvious possible sources are pointed out to aid the agency that

undertakes feasibility level studies of the projects.

Funds for the construction of the projects described in this

report could come from a variety of sources. Among these are (l) state

financial assistance for a project constructed by a local agency through

grants and loans under provisions of the Davis-Grimsky Act, (2) state

financing through special legislation, (3) federal financing through grants

and loans, (k) local financing through the sale of bonds, (5) state

financing as a facility of the State Water Resoiirces Development System,

or (6) a combination of these alternatives.

In addition to evaluating potential sources of financing, a

feasibility- level study of the Cahto Project, the more favorable project

for initial development, should include the following:

1. Detailed geologic exploration based on the recommendations

for further study in the office report "Engineering Geology of

Damsites - South Fork Eel River Study".

2. A routing study of the required relocation of Highway 101

by the Division of Highways. This study is estimated to require

13 months and about $30>000 to complete.

3. Evaluation of the potential savings to be realized from

joint construction of the Cahto Project and the planned improvement

of Highway 101 to freeway standards. Realization of this potential

would require that authorization and final design of the Cahto Project

be completed by about 1975'

k. Refined evaluation of the water supply fimction of the project,

particularly with regard to the specific areas to be served.

5. Refined evaluation of the recreation and fishery enhance-

ment potentials of the project, including a water temperature study

as recommended by the Department of Fish and Game.
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6. Detailed analysis of the flood control capabilities of the

project.

7. Stream sampling and detailed sample interpretation to define

the water qiiality aspects of the project.

Authorization

It would be possible that the projects described in this report

could be authorized as features of the California Water Resources Development

System. However, no financing is available in the current funding

under the Bums-Porter Act for features other than those currently authorized

as a part of the State Water Project. Since the Cahto and Panther Projects

can meet local needs in conjimction with the development of major projects

on the upper Eel River, authorization under the California Water Resources

Development System may in the future be an appropriate means of advancing

these projects.

An agency in the lower South Fork Basin or the Eel River Delta

desiring additional firm water supply could finance and construct projects

in the South Fork Basin. However, the agency would have to reevaluate

these projects to reflect its own needs and plans.

Another possibility would be through authorization by the

Legislature of a grant and loan under the Davis-Grunsky Act. However,

before such a grant or loan could be made, it would be necessary to complete

a feasibility study of the project under consideration.

For any project, and for any method of project implementation

pursued, local initiative and action will be needed to move a project

towards construction. The first step in project implementation for any

local area is the dissemination of knowledge of promising local develop-

ments. This report has been prepared to help provide that knowledge.

-103-



J



Appendix A

BIBLIOGRAPHY

• 105-



Appendix A

Bibliography

Becking, Dr. Rudolf W. "The Ecology of the Coastal Redwood Forest and
the Impact of the I96U Floods Upon Redwood Vegetation" . A National
Science Foundation grant study. January 1967.

California Department of Water Resources. Bulletin No. 3, "The California
Water Plan". May 1957=

. Bulletin No. 69-65. "California High Water, I964-I965" . November 1966.

. Bulletin No. 92. "Branscomh Project Investigation". February 1965.

. Bulletin No. ^k-&. "Land and V/ater Use in the Eel River Hydrographic
Unit. August 1965.

. Bulletin No. 136. "North Coastal Area Investigation". September 1964.

Bulletin No. 136. Appendix A, "Watershed Management in the Eel River
Basin". September 1966.

. Bulletin No. 136. Appendix B, "Recreation". March I965.

. Bulletin No. I36. Appendix C, "Fish and Wildlife". April 1965.

. Bulletin NOo 142-1.1. "Water Resources and Future Water Req\iirements -

North Coastal Hydrographic Area, Volume I: Southern Portion".
April 1965.

. Bulletin No. 16O-66. "Implementation of the California V/ater Plan".
March 1966.

. Bulletin No. 161-65. "Floodl December 1964-January I965".
January I965.

Office Report. "Classification of Climate in California". January 1959*

Office Report. "Investigation of Water Supply for Proposed Woods
Ranch Site for the North Coast Branch Conservation Center in

Humboldt County". May I96I.

Office Report. "Investigation of Water Supply for Proposed Hull
Ranch Site for the North Coast Branch Conservation Center in
Hvunboldt County". December i960.

Kroeber, Alfred L. "Handbook of the Indians of California". California
Book Company, 1953*

Leeds, Hill and Jewett, Inc. "A Program of Accelerate Development of Water
Resources in Northwestern California", October I966.

U. S. Army Corps of Engineers. "Report on Floods of December I964 in
Northern California Coastal Streams". December 1965-

U. S. Department of the Interior, Pacific Southwest Field Committee.
"Natural Resources of Northwestern California". 196O.

-106-



Appendix B

RECREATION

By

Department of Parks and Recreation

NOTE

This appendix is a reproduction of the South Fork Eel River recreation
report prepared and distributed by the Department of Parks and Recreation,
except that two project names have been changed. After the recreation
report was completed, interested local agencies requested that the Spring
Creek project be named Cahto and that the original Cahto project be named
Standley. This appendix reflects these changes.
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The Resources Agency of Californi

Date April 26, 1967

Subject: Transmittal of Report,
South Fork Eel River Recreatio
Reconnaissance Report

State of California

Memorandum
To : Honorable William R. Gianelli, Director

Department of Water Resources
Resources Building, 11th Floor
Sacramento, California

From Department of Parks and Recreation

I am pleased to transmit the subject report, which has been prepared for the
Department of Water Resources, Northern District, by our Recreation Contract
Services Unit under the provisions of Interagency Agreement No. 2550^9'

The purpose of this study was to assist the Department of Water Resources in
locating and identifying potential water development projects which could be
constructed for local water supply, flood control, recreation, and fisheries
enhancement purposes in the South Fork Eel River basin. This report defines
locations where reservoir development enhances the recreation potential of
the study area.

We conclude that reservoirs in the South Fork Eel River hydrographic area, if
properly located, constructed and operated, could provide increased opportunity
for a variety of recreation piorsuits, assist in the maintenance and enhancement
of a fisheries resource, and supplement local economies.

It is emphasized that the recreation planning criteria used in the development
of cost ajid use estimates were based upon stable recreation pools at the speci-
fic elevations indicated in the subject report. These evaluations are based
on optimum development of the land and water surface areas avsiilable at those
elevations. Major changes in reservoir operation criteria could have an
adverse effect on predicted use figures, recreation benefit values, axid recre-
ation costs.

William Penn Mott, Jr^

Director
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SUMMARY

Early engineering studies of the South Fork Eel River by the

Department of Water Resources included the Branscorab Project Investigation

and the Lower Lake Benbov Recreational Project, South Fork Eel River.

Both of these project proposals experienced considerable opposition because

of their limited concepts and the adverse effect upon fishery resources.

Present studies are devoted to the concept of a multi-purpose basin plan,

which would assure maxlimm utilization of all potential water resource

developments vdthin the South Fork Eel River Basin.

Since transmittal of the Progress Report, Recreation Reconnais-

sance, South Fork Eel River, in June of I966, the number of possible res-

ervoir sites has been fiirther reduced by engineering, geological, and

recreation evaluations. The present priority is summarized in Table 1.

Table 1 also provides a quick analysis of the recreation potential ex-

hibited at each reservoir proposal. The location and engineering features

of each reservoir proposal are designated in Table 2.

Early in the development of our study program it was recognized

that geology would be one of the foremost problems in the selection of

specific damsites because of the prevalence of the Franciscan Formation

in the South Fork Eel River Basin.

Other program needs emerged during this study which should be

investigated in greater detail. The possibility of providing "low level"

summer season reservoir pools and recreation facilities on the South Fork

Eel for local community use and development has evolved into an important

study requirement. These river recreation pools would be constructed near

commtinities which could provide the services, the staffing, and the equip-

ment necessary to maintain the pools for the visiting public.
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TABLE 1. Siimraary of Reservoir Recreation Potential
South i''ork Eel River

:Developable: : -.Reservoir :Recreation

Danisite : Lands :Access : Esthetics : Sizing :Potential

Tenmile Creek

1. Cahtoi/

2. Streeteri/

3. Stappi/

F



Appendix B

Conclusions and Recommendations

Reservoir development in the South Fork Eel River hydrographic

area could provide increased opportunities for a variety of recreational

pursuits, assist in the maintenance and enhancement of a basic fishery

resource, and supplement local economies.

Of all reservoir sites considered, those on Tenniile Creek ex-

hibit the best recreation possibilities primarily because of favorable

terrain, sizing, and access.

Further reconnaissance studies should be conducted to evaluate

the potentials of low-level, semi-perraanent reservoirs located on the South

Fork Eel River.

Modification of Benbou Dam might significantly increase the

recreation potential of Benbov; Lake State Recreation Area.

Panther damsite has a lesser recreation potential than modi-

fication of Benbow Dam.

The recreation potential of Standley Reservoir site is minimal.

It is recommended that the Department of V/ater Resources con-

sider Tenmile Creek for large reservoir development. For recreation pur-

poses a stable pool elevation of 1,5^0 feet would be desirable.

It is recommended that the Department of Water Resources initiate

studies of low-level, semi-perrnanent, seasonal reservoir impoundments.

It is recommended that Panther Reservoir site be considered for

recreational purposes only if Benbow Dam is not adaptable to improvement.

It is recommended that the Department of Vteter Resources reject

the Standley site for recreation purposes.

It is suggested that the Department of Water Resources assist

local communities in the South Fork Eel River Basin in the formation of

special districts. Davis-Grunsky funds and technical assistance would

be more readily available to communities forming -v/ater and recreation

districts with taxing privileges.
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INTRODUCTION

As part of Department of Water Resources' planning for the north

coastal area of California, recreation planning for the South Fork of the

Eel River was initiated on Jtily 19, 1965- A progress report of the work

accomplished was prepared and forwarded to the Department of Water Resovirces

in Jvine I966. Since then, project study areas have been refined eind addi-

tional cost estimates prepared. With the submission of this report, pres-

ent budgeted recreation reconnaissance studies for the South Fork Eel

River will be concluded.

The general purpose of the reconnaissance was to assist in the

location and identification of potential water development projects which

might be constructed for purposes of local water supply, flood control,

and recreation and fisheries enhanconent. The specific purpose of this

report is to define locations where reservoir development has definite

recreation potential in the South Fork Eel River hydrographic subunits.

The recreation planning evaluations presented in this report

assTime stable recreation pools. Major changes in pool elevation criteria

could have an adverse effect on predicted use figures.

Planning efforts were carried on vmder Work Authority No. 1250.
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RECREATION ANALYSIS

Location

The Eel River Hydrographic Unit is within the North Coast Hydro-

graphic Area, one of seven major areas within California as defined by

the Department of Water Resoirrces. Extending nearly 1^ miles in a

northwest-southeast direction from Hvmiboldt Bay to the moxmtains of

northern Lake Coimty, it is composed mainly of the watersheds of a number

of lesser streams. The hydrographic subunits of Humboldt Redwoods, Lake

Benbow and Laytonville, within Mendocino and Humboldt counties, contain

the essential elements of the drainage of the South Fork Eel River with

which this study is concerned. This study area is shown on Plate 1.

Early engineering studies have located 2k potential reservoir

sites in the hydrographic subunits of the South Fork Eel River. Two

published reports have been produced by the Department of Water Resources:

Bulletin No. 92, The Branscomb Project Investigation , February I965; and

The Lower Lake Benbow Recreational Project, South Fork Eel River,

November 196k. Both of these project proposals experienced considerable

opposition from the Department of Fish and Game because of the adverse

effect upon anadromous fish utilizing spawning areas located in the upper

reaches of the South Fork Eel and tributary streams.

One of the participants at the public hearings on Bulletin 92,

Mr. Otto C. von Seggem, private consulting engineer, proposed a multi-

pxirpose basin plan. The plan would include headwater reservoirs on main

tributaries to the South Fork Eel River to provide streamflow regulation,

recreation, and domestic water. Low level check rJamg and recreation pools

wotild also be provided at selected sites on the South Fork Eel River.

These would be constructed as needed near state parks and local communities.

Mr. von Seggem believed that more benefits would accrue from

a multi-purpose basin plan with provisions to ensure the enhancement of

fish and wildlife, ensvire recreational ixse, provide higher land utiliza-

tion, and assvire dependable water supplies . The alignment of owe present

study has closely paralleled the suggestions offered by Mr. von Seggem.
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Topography and Geology

The study area is characterized by roixgh, steep stream-dissected

teirain with a few inland valleys. There are niunerous landslides which

are attributed to the Franciscan Formation and the high annufll rainfall.

Several groimd water basins have been formed as a resvilt of

downfavilting of large blocks and partial filling of the resultant depression

with alluvium and lake deposits. Laytonville Valley is one of three signif-

icant valleys in the Eel River Hydrographic Unit formed in this manner

and is the major ground water basin within the South Fork Eel Basin.

Climate

Generally, more severe seasonal climatic variations are ex-

perienced in the inland valleys somewhat ronoved from the moderating in-

fluence of the moist air mass dominating the immediate coastal areas.

Average temperatures range from k^° Fahrenheit in Janxiary to 72-5° in

July. Average annual rainfall patterns extend from 35 inches to 8l inches.

Occasional snowfsdl occirrs increasing in depth and frequency at the higher

elevations

.

Vegetative Cover

Forest lands, including "cut over", and range lands account for

98 percent of the total study area. The forest cover is composed primarily

of redwood, Douglas fir, tanoak, madrone, and California laurel. Variotis

ground covers such as oxalis and wild strawberry are frequently inter-

spersed with woodwardia and sword ferns, and add to the esthetic quality

of forested areas. In the Laytonville area the climate is drier and pine

and oak species are found more frequently. The Laytonville valley is open

grassland with scattered oak trees.

Access

Automotive access to the study area is provided by the Redwood

Highway, U. S. 101, the main north-south route in the coastal area. East-

west travel is provided by State Highway 36 and U. S. Highway 299. Both

link the hydrographic sub\mits with the Sacramento Valley.

Small airports are located at Laytonville and Garberville.
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Despite the importance of U. S. Highway 101 to people traveling

to the South Fork Eel and the redwoods, access via this route has been

historically difficvilt. This has probably contributed to the short visitor

use season experienced in the area. To alleviate travel difficulties,

the California Division of Highways is pushing ahead with planning and

construction efforts to improve road conditions into the South Fork Eel

River area. The relative remoteness of the area will diminish as

Highway 101, the area's principal artery, becomes a 4- lane freeway.

Economics

The total Eel River Hydrographic Unit has an estimated 1,525^000

acres of timberland containing 38-2 billion board feet of commercial timber,

more timber than is found in any other unit of the north coastal area.

Lumbering and associated indxistries rank first in economic importance with-

in Humboldt and Mendocino counties. More than one-half the payroll in

Mendocino County is derived from lumbering and wood products indiistries.

Recreational resources are second in economic importance in Hvimboldt Coionty

and third in Mendocino Covinty. The largest segment of recreational activi-

ties occur in the redwood state parks, althoiogh the economic impact is

focused in the metropolitan areas. State parks and reserves in Mendocino

and Hiimboldt covinties include 24 state park parcels containing 57,819.59

acres of land. These \inits reported 1,809,324 annual visitors in I963-64.

Several related economic problems are working in concert to

change the pristine character of the north coast.

First, noarth coast coxinties will face major transformations in

economic structures within a decade as a resvilt of the depletion of primary

timber resources. As forestry changes to a sustained yield operation and

a stable level of employment, recreation and tourism will offer a viable

basis for economic growth without further depletion of basic natural re-

sources and will assvune a more dominant position in the economic base of

these coxmties.

Second, a considerable decline in agricultural products is anti-

cipated by county planners.

Third, the remoteness of the area will diminish as Highway 101

becomes a 4-lane freeway. Driving time from major popxilation centers will

be shortened and driving hazards reduced.
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Foiirth, properly planned reservoir development should provide

increased opportvinities for longer recreation visits in the redwood coimtry

as well as assist in the maintenance and enhancement of a basic fishery

resource.

State and Federal Parks

The South Fork Eel River drainage encompasses some of the most

favored and famous state park areas in the State. The chief attraction

is the stately groves of California coast redwood trees. One of the primary

roles of the State Park System has been to preserve and perpetuate repre-

sentative examples of the redwood forest covintry for future generations

of CaJ.I fomians

.

In Humboldt County there are 11 state parks and reserves com-

prising some 51^209.^3 acres of land. These holdings range from 11.78 acres

at Fort Humboldt State Historical Monioment to 38,2^4-6 acres at Evmiboldt

Redwood State Park. There are 7 operating state parks within Humboldt

Coxjnty with a reported annual attendance of 1, 239^733 visitors in fiscal

year 1963-64.i/

In Mendocino Coiinty there are 13 parcels comprising some 6,6l0.l6

acres of state park lands and reserves. These lands range from 11.8I acres

at Paul M. Diramick State Recreation Area to 1,82^.9^ acres at Van Damme

State Park .2/

Table 3 summarizes visitor attendance, revenue and operational

costs for those units operating within the South Fork Eel hydrographic

subxmits. Plate 2 shows the location and approximate size of these vinits.

National interest in the north coast redwoods is expressed by

proposals before the Congress of the United States for the establishment

1/ Source: Public Land Ownership smd Use in California. Senate Permanent
Fact Finding Committee on Natural Reso\arces, Third Progress Report to
the Legislatiire, I965 Regular Session, page 13^.

2/ Ibid.

NOTE: Reynolds Redwood Flat project consisting of 375 -80 acres was
acquired on Jvine 23, 1966. At Van Damme 1.5^ acres of s\irplvis

property was transferred for disposal. These property transactions
bring the Beaches and Parks total in Mendocino County to ik parcels
and 6,9Qk.k2 acres.
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TABLE 3- Operating State Park Unltsi/
Reported Attendance, Revenue and

Operating Expenses^/



PLATE 2

STATE PARK LOCATIONS AND
PROPOSED RESERVOIR SITES

SOUTH FORK EEL RIVER BASIN

lt«S - lt«7

STATE PARKS

I FMT HUMOLDT S H. M.

2. MIZZLY CREEK KEOWOOO*

3. MUHaOLDT REOwooes

4 KNtOW LAKE >. R. A

». RICHAROSOM OROVI

«. REYNOLD* S.R. A

T. SMTNC REOWOOM

a. STAHMtM-HICKEY S. R. A.

•. ADMIRAL WILLIAM STANDLEY S.R.A

10 WESTPORT - UNION LANDINO S. .

Cevt'o

\
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of a redwood national park. Some of these proposals are the culmination

of many years of planning effort and recognition of the unique ecology of

the redwood forest environment of the north coa^t of California. Becaiase

of the tremendous economic in5)ortance of this resource, however, national

park proposals have experienced considerable opposition from the liimber

industry and some local residents. Most of the opposition has come from

groups who are immediately affected and who fail to recognize the ultimate

benefits which will accrue from the establishment of a national park in

the north coast.

Emphasis for the establishment of a national park has been

placed in the Redwood Creek and Mill Creek areas. These locations are

considerably north of the hydrographic areas with which this study is

concerned, but the establishment of a redwoods national park could sub-

stantially increase the number of people traveling through the study sirea.

National park status wovild attract more people from outside of the State.

Increased travel resulting from establishment of a national park could

considerably alter projections of recreation use.

Recreation Potentials

The Park and Recreation Information Syston (PARIS), Department

of Parks and Recreation Planning Monograph No. 2, Novonber I966, indicates

South Fork Eel River recreation facilities are beyond four-hour travel

zones for the major metropolitan areas of Northern California. These

pop\ilation centers represent the prime source from which projected recre-

ation demand was computed for the South Fork Eel River. In these travel

zones, PARIS shows projected deficiencies exist for camp units, picnic

tables, boat access, parking space, marina slips and mooring.

These deficiencies are substantiated by a ciirsory examination

of attendance records at park units within the South Fork Eel River

hydrographic areas. Camping facilities, especially, are in short supply.

There were 3^505 small boat registrations in Hvmiboldt Covuity

and 1,515 small boat registrations in Mendocino Covmty as of June 1966.'^

This does not include boats not reqiiired to be dociomented and boats used

^ Sovirce: Mr. DeBenedetti, Supervisor of Boating Registrations, Department
of Harbors and Watercraft, Sacramento, California.
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for commercial purposes. Based vipon I960 popvilations, these covmties

ranked 26th and l4th, respectively, in small boat registrations per

capita throughout the State. Small boat owners have few areas available

for water skiing and related water-associated activities in the north

coast. During the summer, weather on the north coast is frequently-

foggy and cold, and many small boat owners will travel considerable

distances to inland areas to search for warm water and for reservoirs

large enough to safely support family boating activities.

Changing factors exist in the South Fork Eel River study area

which make em evalviation of recreation potential somewhat nebulous.

Foremost of these factors is the California Freeway and Expressway

System being developed by the Division of Highways. Another is the

developing economic situation. Unknown changes that may occur with or

without the establishment of a redwood national park add to the complexity

of recreation predictions.

The California Freeway and Expressway System is pvishing forwaxd

with construction and planning efforts to improve road conditions into

the South Fork Eel service area. These efforts will -undoubtedly

improve access to recreational areas. However, even highly desirable

state parks along Highway 101 presently report use that is akin to

overnight stop-overs for transient travelers. There is the very real

possibility that better highways will enable travelers to reach their

destinations in shorter driving time with less fatigue. The necessity

for overnight stops in the redwood parks wovild be reduced. Already park

administrators estimate approximately 80 percent of the reported visi-

tation in north coat redwood parks represents sightseeing activities.

At least three north coast state parks—Prairie Creek, Patrick's Point

and Humboldt Redwoods—have experienced substantial declines in attendance

over -the past four years.

Richardson Grove State Park has easy access, camping, picnicking,

swimming, naturalist and camp fire programs. Coupled with outstanding

scenic and esthetic qioalities, these attributes should contribute to an

outstanding quality recreational experience for the park visitor. Yet,

Table k shows that most campers at Richardson Grove State Park stay two

days or less.
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Table k. Average Length of Stay .

Campers at Richardson Grove State Parki/
1964 Season

Length of Stay :Percent of Monthly Camp Registrations
(Days)

1

2

3
k

5
6
7
8
9
10
11
12
13
Ik

15

1/ Source: Administrative records for all registered campers, Richardson
Grove State Park. Coiortesy: Mr. Metcalf, Park Supervisor.

June
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has been strengthened by other studies. The California Public Outdoor

Recreation Plan indicated 60 percent of eill recreation use in California

is water associated.

With a few notable exceptions, the development of recreational

facilities utilizing the appeal of the South Fork Eel River has not

occurred. Surveys show where facilities are provided on the river, and

quality operational and maintenance standards piirsued, relatively heavy

use will occvir.

If increased recreation benefits are to be extended to the local

bvisiness community some attraction other than the simple esthetic

appreciation of redwood groves must be offered. This is not to say that

the value of the redwood experience is reduced; but merely, in today's

changing world, that youthful families are seeMng more opportunities for

active recreational pursuits. Water-associated activities offer an outlet

for the expression of these desires.

From the point of view of preservation a secondary benefit is

derived from the concentration of heavy visitor use in areas planned and

selected as best able to support that use without damage to the basic

resovirce. Unnecessary recreation \ise loads are lifted from sensitive

park areas which are being preserved and perpetuated in their delicate

and pristine glory for generations of future Americans.

Benbow Lake State Recreation Area

Benbow Lake State Recreation Area is ideally situated on the

South Fork Eel River and U. S. Highway 101. The easy access from

Highway 101, the travel distance from north and south metropolitsm

centers and the esthetic qviality of the location place the park in a

unique position. Because of the low quality of the ten^jorary recreation

facilities, however, the park unit is not fully utilized in satisfying

the need for water-associated recreation in the South Fork Eel River Basin.

The park is comprised of 222.91 acres of land acquired in 1958* A portion

of the park lands to the south will be taken for new freeway alignments.

The Division of Beaches and Parks intends to acqioire additional lands to

replace these losses. Additional facilities including campsite developments

will be placed on these newly acquired lands.

kj Source: Property Ownership Report, Division of Beaches and Parks,

January 1, I966.
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A slab and buttress type dam bviilt in 1932 across the South

Fork Eel River is topped vath 11 feet of temporary board superstructure

during the recreation season to store a water surface area of approximately

123 acres at Benbow Lake State Recreation Area.

The nature of the dam structure presents several problems.

The dam apparently has an adverse effect upon anadromous fish and the

Department of RLsh and Game is opposed to structures across the main

river. Damage to psirk facilities emd sediment deposition by flood

waters is a recurrent problen. Each year there is a physical hazard

to personnel placing the heavy steel beams and wood timbers of the

headboard.

If these problems coxild be solved, it would greatly enhance

the recreation potential at this park unit.

During the summer season a river and lake shoreline of some

15,650 linear feet at Benbow Lake State Recreation Area provides an

attractive setting for tourists and recreation seekers using U. S.

Highway 101. Much of the 123-acre reservoir surface is not available

to power boating use because of a designated swimming area, shallow

waters, and areas reserved for maintenance and operational purposes.

Because of the limited water area available for power boats, park

administrators have set safety limits of not more than 15 power

boats to be operated on the leike at any one time.

About 35 percent of the summer xise at this park represents

enroute travelers, stopping for a brief respite. Recent surveys at

Benbow LaJce showed people within Hiomboldt and Mendocino counties were

willing to travel up to 75 miles from their homes in order to use the

limited day use and boating facilities provided at the park. At least

20 percent of the total use represented local residents traveling over

10 miles. See Table 5.
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TABLE 5. Summary of Visitor Origin Survey
At Benbow Lake State Recreation krea.}/
August 1966

Type of Origin

Percent of
Vehicles
Surveyed

Local Residents

Less than 10 miles away

More than 10 miles away

Enroute

Staying in Area

With friends or relatives

In a state park

In a mote^

In a private campground

In a private trailer park

Total

9

20

35

6

13

9

6

2

California

Out of State

Total

86

14

— Source: Special Surveys, Recreation Data Coordinator,
Recreation Contract Services Unit.

129-



Appendix B

RECREATION DEMAND ESTIMATES

Recreation demand estimates for resejrvoir proposals in the

South Fork Eel River hydrographic subvinits were based upon California

population statistics derived from the census of i960. Existing popiila-

tion was determined in 50-mile increments up to a distance of ^50 miles

from each reservoir site. The balance of the state population was then

grouped as one figure. Use potentials from out of state were ignored

because an effective method to evaluate such use is not readily available.

Statistics derived from surveys reveal about 1^ to 20 percent of

visitation in established state park areas represents out-of-state

travelers. Future increase in out-of-state travel into the South Fork

Eel River Basin may necessitate revisions in demand estimates for project

study proposals.

Per capita recreation use rates from earlier studies of the

north coast were applied to the population within each 50-mile zone, and

the products for all zones were totaled. This total, representing a

potential demand for I96O, was then projected into future decades by

applying population growth and recreation use factors to each successive

decade. Table 6 summarizes recreation for Tenmile Creek and Panther

reservoir sites. The Standley reservoir proposal was incorporated into

the study too late for a complete popvilation study so the maximTom use

for Standley was based upon recreation land capacity. In the case of

the reservoir proposals herein described, recreation demand potentials

are limited by available recreation lands and water surfaces.

Recreation use estimates for each reservoir proposal are in

the tables of recreation use emd costs presented later in the text.
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TABLE 6. Summary of Visitor Demand Projections
For Water-Associated Recreation

: Estimated Visitor Days Demand ( Thoiisands

)

Year : Tenmile Creek
;

Panther

i960 262 260
1970 i^58 if55

1980 722 717
1990 1,059 1,053
2000 1,460 1,450
2010 1,936 1,924
2020 2,454 2,438
2030 3,050 3,031
2040 3,699 3,676
2050 4,423 ^,396
2060 5,158 5,127
2070 5,920 5,850

RECREATION COSTS

All capital outlay costs have been computed on the basis of

unit costs presented in the Department of Parks and Recreation Planning

Man\ial. Capital costs in this report are preliminary, serving as indicators

of relative costs between the various project proposals. Detailed costs

should be prepared when specific projects are selected for advanced study.

Standard Recreation Contract Services Unit costs were employed in computing

operation, maintenance, and replacement costs. Costs of recreation lands,

access roads, relocation of existing roads, and escalation are not included

in these cost estimates.
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RESERVOIR PROPOSALS

Temnile Creek.

Tenmile Creek originates in Laytonville Valley. This valley is

located approximately k^ miles north of Uklah on U. S. Highway 101 in

Mendocino County. The valley, formed by a structural depression of the

coast range, encompasses an area of 11.66 square miles. Elevations on

the valley range from 1,450 feet to 1,750 feet. Rainfall over a 15-year

period averaged 56.20 inches annually.

Laytonville Valley is drained by two streams. Long Valley Creek

drains from the valley to the south and Tenmile Creek drains from the

valley to the north. Tenmile Creek arcs to the west as it proceeds

downstream to join with the South Fork of the Eel River. The topography

changes from gentle slopes in Laytonville Valley to progressively

steeper slopes downstream. Three damsite locations were evaluated.

Maximum reservoir surface elevation is limited by topography to 1,600

feet at each of three sites. Since each damsite has the potential of

being at the same maximum elevation, each successive downstream damsite

woiild incorporate the reservoir pool of the preceding dainsite. Maximum

storage and surface area wovild be attained at the Cahto damsite. Plate

3 shows the relative locations of each reservoir proposal on Tenmile

Creek.

For economic analysis, three elevations, 1,580, 1,5^0, and

1,520 feet mean sea level, were considered for each damsite.

Several factors indicate a reservoir on Tenmile Creek could

attract and support large numbers of recreation users.

First, large acreages available on relatively gentle slopes

are conducive to recreational development.

Second, proximity to U. S. Highway 101 would provide easy

access to recreation developments from major population centers.

Third, the relatively warmer climate at this location would

probably extend the recreation season beyond the length normally exper-

ienced for north coastal areas.
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Foxirth, it would relieve some of the heavy transient use occurring at

redwood state parks.

Recreation Use and Costs

If water releases are made to improve downstreeim flows in the

summer, the greater water surface and storage capacity of the Cahto

damsite would provide proportionately more water for reservoir recreation

pxorposes through the summer use season. Preliminary analysis of recreation

lands available at each damsite \ising 20-foot contoiir intervals are

indicated in Table 7.

Tables 8 through 15 present recreation use and cost estimates

for each reservoir site on Tenmile Creek. These sites are presently

accessible only thinugh locked gates; therefore, existing use was

assumed to be neglible and was not deducted from estimated use.

Aerial Photographs 1, 2 and 3 present a picture of the general

topography and vegetative cover at proposed reservoir sites.

TABLE 7. Tenmile Creek
Potential Recreation Area Acreagesi/



Aerial Photograph 1

Laytonvllle Valley and
Tenmlle Creek looking

south (iqpstream) from
approximate locale of

STREETER DAMSITE. High-

way 101 on left. Damsite

at approximate center of

pictvire. See Plate 3-

Aerial Photograph 2

Laytonville Valley and

Tenmile Creek looking
north (dovnstream) from

about one mile west of

Laytonville near terminvis

of proposed reservoir.

Recreation Area "E" at

right center. Approximately

640 acres. See Plate 3*

Aerial Photograph 3

Laytonville Valley and

Tenmile Creek looking
north (downstream) toward

STREETER DAMSITE. Align-

ment of present Highway
101. Recreation Area "C"

at left center. Approxi-

mately 4^ acres. See
Plate 3-
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TABLE 6. Estimated Recreation Uae and Cost&l^
Stapp Reservoir At Elevation 1,580' M.S.L.
(In niouaanda)

TABLE 9. Estimated Recreation Use and Costa—'
Stapp Reservoir At Elevation 1,5^' M.S.L.
(in Thousands)
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Estimated Recreation Use and Costal
Streeter Reservoir At Elevation 1,520' M.S.L.
(In Thousands)

TAHLE 13. Estimated Recreation Use and Costsi/
Cahto Reservoir At Elevation 1,580' M.S.L.
(In Thousands)

Decade
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The variance in visitor use and facility cost estimates among reservoir

sites is due to differences Xn. lemd and water surface acreages and the

appropriate support facilities which could be provided at each of the

selected elevations.

These analyses indicate that a reservoir at the Cahto site

would provide the greatest amo\mt of recreation use. Large scale

mapping recently obtained from the Depsirtment of Water Reso\irces indicates a

desirable elevation for recreational purposes at about 1,5^0 feet mean

sea level.

Panther Reservoir

Panther Reservoir site is located in Htunboldt County on the East

Branch of the South Fork Eel River one mile east of the Benbow Lake

State Recreation Area.

Vegetation is predominately Douglas fir intermingled with

California laurel and madrone. Logging activities are prevalent on

the north-facing slopes. Erosion and slide activity has occurred on

these slopes. Grasslands fringed with oak and madrone dominate on slopes

with southern exposure.

Reservoir lands are steep, and become more precipitous pro-

ceeding upstream. The area has an apparent proclivity for slides. Elaborate

development shovild not be constructed on north facing slopes. These slopes,

however, are well sviited to riding and hiking trail development. Analysis

based on 20-foot contour interveils located approximately 3^ acres of

developable land scattered widely throughout the project area. The amo\mt

of land varies considerably with the reservoir elevation selected.

Two areas on south facing slopes have topogjra.phic features and

sufficient lands for recreation development as indicated on Plate h.

Aerial Photograph h shows Area A which is located at elevation 600 feet

and comprises approximately 90 acres. This area is particvilarly suited

to campgrovind development. Tree fringes consisting of large oak and madrone

mingled with Dotiglas fir surround large, open grassland areas. These

grass areas shoiild be left undisturbed to conserve open space concepts.

The second potential recreation area. Area B cc«nprlsing approxi-

mately 82 acres, is located at an elevation of 500 feet. This area would
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Aerial Photograph k. PANTHER RESERVOIR SITE looking west.

Potential recreation lands on bluff to right. Approximate
elevation 600 feet. Shown on Plate k as Recreation
Area "A". Approximately 90 acres.

Aerial Photogr^h 5. PANTHER RESERVOIR SITE looking west.

Potential recreation lands on right at elevation 500 feet.

Shown on Plate k as Recreation Area "B". Approximately 82 acres.
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be a very desirable day use area and slopes ccnild be readily adapted

for beach development. This site is shovn on Aerial Photograph 5«

A reservoir water surface elevation of 500 feet would allow

fvill utilization of both recreation areas. The upper area could be

utilized for camping and the lower area for day use. Table l6 gives

estimated costs and visitor use at a reservoir surface elevation of

500 feet.

A reservoir with a water surface elevation of 600 feet would

provide a significantly larger water surface and storage capacity.

The lower recreation area, however, woiild be flooded out. Part of the

upper area would have to be utilized for day use rather than camping.

This would resvilt in a loss of total visitor use and a less satisfactory

utilization of the natural attributes of the recreation lands. This

reduction in use is reflected in Table 17-

Considerable discussion centered aroxind the possibility of

renoving Benbow Dam. Table l8 summarizes net use estimates for Panther

Reservoir at elevation 500 feet with Benbow Dam eliminated. Projected

use estimates would exceed land capacities in the first decade. Existing

tise has been projected imtil the capacity of existing and proposed

development at Benbow Lake State Recreation Area is reached. It appears

that negative benefits woxild accrue to the project if Benbow Dam was

removed.

It should be emphasized that road access costs have not been

included in capital costs as presented in Table l6, 17, and l8. These

costs should be more clearly defined before a determination of economic

justification or financial feasibility is made. Because of the adverse

topographic features at this site, euad the possibility of slides, providing

access may be a significant cost item.

It is possible that greater recreation benefits at less cost

would accrue if the Department of Water Resources, the Division of Beaches

and Parks, and the Department of Fish and Geune redesigned the existing

Benbow Dam. Because of planned freeway alignments, the Division of Beaches

euad Parks will acquire additional property for the Benbow Lake State

Recreation Area. Considerable changes in development planning will be

inaugurated. These changes could provide time for a cooperative endeavor
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TABLE 16. Estimated Recreation Use and Costsi/
Panther Reservoir At Elevation 500' M.S.L.
(In Thousajids)
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to design and build a dam more ami able to park administrators and the

Department of fish and Game.

TABLE 18. Summary of Estimated Net Visitor Use
Panther Reservoir At Elevation 500*

With Benbow Dam Removed
(In Thousands)

Decade

Gross
Estimated

Use
Existing

Usei/ Net Use

1970-79

1980-89

1990-99

2000-09

2010-19

2020-29

2030-39

20^+0-49

2050-59

2060-69

1,110

1,110

1,110

1,110

1,110

1,110

1,110

1,110

1,110

1,110

k^k



Appendix B

Standiey Reservoir

The proposed Standiey damsite and reservoir is located in Mendocino

County on the South Fork Eel River approximately 7 miles southwest of the

tovn of Laytonvllle.

The reservoir site is relatively remote from main travel routes.

At present the area is reached from Highway 101 by traveling west from

Laytonville on an improved dirt road. Parts of this road wo\ild be inundated
if a dam were built. Becaiise of the steep topography of this area, road

relocation costs may be high.

An approximate water surface area of 320 acres would be available

for recreation purposes. Since the stream at this point is intermittent,

a reservoir might permit all year flows in the stream for fishery enhance-

ment. The small storage capacity of the proposed reservoir would have

very little value for flood control and indicates a degree of fluctuation

vrtiich covild be detrimental to recreational use.

Recreation lands at this reservoir site are small and widely

scattered. Topographic maps show k land areas ranging from 2 to 40 acres.

Most of these recreation lands are located some distance from proposed
water surface elevations. Slopes permitting access to the proposed reser-

voir are excessively steep, ranging vtp to 66 percent. Lower water sur-

face elevations wo\ild not add to the amoxmt of recreation land, but woiad
make these desirable lands more remote from the water surface. Two recre-
ation land areas were selected for potential development as indicated on

Plate 5.

Table I9 summarizes development costs and visitor use estimates
at this reservoir site with optimum development.

Standley Reservoir has little recreation potential. Considering

the relatively small local population and the poor quality of developable
lands, the utility of this reservoir for recreational purposes is doubtful.
This reservoir site should not be considered for recreational purposes.
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TABLE 19. Estimated Recreation Use and Costsl/
Standley Reservoir at Elevation 1,900' M.S.L.
( In Thousands)

1/

Decade :
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PROJECT PROPERTY OWNERSHIP

An examination of property ownership based upon U. S. Bureau of

Land Management mapping indicates that all property which would be required

for project development is privately owned.

Northwestern Pacific and Central Pacific (Southern Pacific) Rail-

road Companies own lands at the proposed Panther Reservoir site as sum-

marized in Table 20.

TABLE 20. Property Ownership Brief
Potential Reservoir Sites

Reservoir
Damsite Township Range Section : Ownershipi/

Mt. Diablo Base and Meridian

Stapp
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LOW LEVEL RESERVOIR POTENTIALS

This recreation reconnedssance study was devoted to relatively

large reservoir proposals on tributaries to the South Fork Eel River.

During the study considerable local interest was generated for water re-

sources development, partic\ilarly in the communi ties of Myers Flat,

Miranda, and Garberville. Comments received from individuals and leaders

in these communities and expressed during public hearings held after the

winter flood of 1964-65, pointed increasingly to the need for study of

low-level reservoir potentials. The concept of low-level recreation pools

is particularly importemt because of the following problems encountered

during the reconnaissance study.

There are vinstable geological formations in the South Fork Eel

River Basin. This problem has contributed to the difficiilty of locating

large developable damsites. When potential dajnsites were found, they

often were located where reservoir waters could activate old slides creating

a hazard of hillsides sliding into newly constructed reservoirs.

The area is subject to high annual stream flows, often approach-

ing flood velocities. The deposition of large masses of sedimentary

materials into reservoirs by periodic floods could reduce the effective

life expectancy of large reservoir proposals.

High level dams also affect fishery resources. These dams

impede or block migration of anadromous species. Also, the impoundment

of the waters of natural streams has an adverse effect upon the environ-

ment throvigh which anadromous species of fish must pass.

For the above reasons, more emphasis should be placed upon the

study of low- level reservoir pools on the South Fork Eel River. These

pools could be formed by the construction of semi-permanent dam structures.

These structures co\ild be built by various construction methods and

materials

.

Semi-permanent structures have an advantage over permanent

structvires for recreation pools. They caji be removed at the end of the

recreation season thus permitting the river to cleanse itself of sediments.

The removal of these irapoxmdment structures before ajinual fish migrations
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begin should permit fish to reach spawning areas with minimum difficulty.

Such pools might enhance the environment of juvenile fish by providing

lower summer water temperatures . Proper design shovild permit fish to

move downstream at will. For recreational pvurposes, such reservoir pools

coiild be constructed at comparatively low cost.

There are at least three areas where semi -permanent reservoir

pools already exist: Benbow LaJte State Becreation Area, Memorial Park in

Healdsburg, and a series of low-level reservoirs in the Guemeville area.

In smticipation of future recreation planning needs the Recreation

Contract Services Unit initiated recreation surveys at Benbow Lake State

Recreation Area and Healdsburg Memorial Park dxiring the summer of 1966.

Some of the data collected at Benbow Lake State Recreation Area is pre-

sented in this report.

Low-level, semi-permanent dam structures should occupy an im-

portant position in future resoiirce planning in the South Fork Eel River

Basin.
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RTTURE STUDIES

Future studies in the South Fork Eel River hydrographic subunits

should consider the feasibility of the Cahto Reservoir site on Tenmile

Creek. Of all the major projects considered in this study the Cahto dam-

site heis the highest potential for comprehensive public recreational de-

velopment and also offers opportunities for large scale concession

operations.

Of greater urgency to the communities of the South Fork Eel

River Basin and the development of local water resotirces and associated

recreation is the need for controlling the high winter runoff. Projects

necessary to provide flood control are of such magnitude that economic

justification for their construction is difficviit to obtain.

The U. S. Corps of Engineers has suggested that a less expensive

alternate to protect lives and property is to move communities from areas

subject to flood damages. If such an alternate is adopted, there is a

possibility that abandoned areas covild be utilized for seasonal recreation

purposes. Myers Flat lends itself readily to this concept. Low- level,

semi-permanent reservoirs could be placed in the river adjacent to these

abandoned areas and the existing local business communities covild provide

necessary visitor services and maintenance personnel. These developments

woxild be an asset to recreation and to the local economies.

Low- level, semi -permanent dam structiures may be of significance

to many of the local communities in the South Fork Eel River Basin. A

reconnaissance study shotild be conducted to define the opportiinities in

this area for development of low-level recreation pools.
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FISH AND WILDLIFE
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State of California

Memora nd u m
The Resources Agea

To ! Honorable William R. Gianelli, Director
Department of Water Resources
1^4-16 Ninth Street
Sacramento, California 958l^

Date: June 30, 196?

From Department of Fish and Game

Subject: WP- State of California, Department of Water Resources, North Coastal Area
Investigation, South Fork Eel River Study, Bulletin No. 173-

I aja pleased to transmit herewith a reconnaissance report entitled "Preliminary
Fish and Wildlife Evaluation of Possible Water Projects in the South Fork Eel
River Basin" which is scheduled to be published as Appendix C to Bulletin
No. 173^ "South Fork Eel River Study". This report completes the preliminary
fish and wildlife studies related to this investigation. These studies were
carried out sjad the report prepared by the Fish and Game Contract Services
Section under provisions of various interagency agreements with your
Department

.

The report provides preliminary information regarding the fish and wildlife
resources affected by water projects proposed for the South Fork Eel River
Basin, describes measures reqviired to maintain these resources, and defines
possible enhancement opportunities related to the proposed developments. Due
to the reconnaissajice nature of this investigation, substantial additional
work will be required to provide final recommendations for the preservation
and enhancement of fish and wildlife.

This evaluation was based on reservoirs operated primarily for fish, wildlife,
and recreation enhancement in order to determine optimvua benefits for these
purposes. Modification of the projects to include other purposes may be
incompatible with fishery preservation and enhancement due to the relatively
limited volumes of cool water necessary for fishery maintenance.

Even if operated solely for recreation, fish, and wildlife, it is possible
there may be water temperatvire problems at times. This possibility will
require thorough evaluation in future studies.

Director
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SUMMARY

A reconnaissance-level investigation vas conducted to determine

the effects on fish smd wildlife of several dams proposed for the South

Fork Eel River Basin. These projects are being studied by the Department

of Water Resoxirces for the possible pvurposes of recreation, local water

supply, flood control, and fishery enhancement.

Significant fish and wildlife populations would be affected by

all of the proposed projects and artificial propagation facilities, stream-

flow reqviirements, and wildlife mitigation measures are recommended to

maintain these resoiurces.

In addition to the creation of new reservoir fisheries, certain

of the proposed projects may have potential for enhancenent of downstream

fisheries if water temperatures are suitable. This could be accomplished

by improvement of silver salmon and steelhead nursery areas below the

dams and provision of increased spawning flows for king salmon in the

lower South Fork Eel River. The river sport fishery could also be

extended over a longer period by higher fall flows which would increase

potential angling use.

The studies indicated that the Cahto, Sebow and Frost Reservoir

sites were most desirable from a fisheries standpoint. Generally, these

projects wotild have the least detrimental effect on fish and wildlife and

the most enhancement potential.

Additional st\idy is recommended to predict post-project water

temperatvires , existing resources, euad more accurately define maintenance

and enhancement reqxurements, with accompanying costs and benefits.

Concliisions

1. All of the proposed projects would block and iniondate im-

portant spawning and nursery areas for sinadromovis fish, and woTild inundate

valioable wildlife habitat. Thvis, any of the projects would affect size-

able populations of fish and wildlife.

2. Depending on the results of recommended tenperature studies,

Sebow or Cahto Reservoir woiild be the most desirable project among the
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several alternatives proposed for the Tenmlle Creek drainage. Frost

Reservoir may also have significant fishery potential.

3. It is questionable if fishery losses covild be mitigated

successfully vith Stapp Reservoir constructed at any proposed elevation

due to its limited volvune of cool water. Similarly, a small dam at the

Panther site (elevation 5OO feet) would create serious fishery problems

due to limited hypolimnion water. There wotild be no downstream enhance-

ment potential with either of these projects. Geology at the Standley

site appears to be poor, limiting the dam to elevations less than 1880

feet. This small size would severely limit downstream enhancenent potential.

k. A significant amoiint of fishery enhancement would result

from the reservoir fishery and from downstream releases to improve nursery

areas for juvenile silver salmon and steelhead, if any of the other projects

is constructed. The enhancenent potential of Streeter or Cahto Reservoirs

at elevations \inder 158O feet may be limited during dry years due to their

relatively small volvimes of cool water. However, Cahto (elevation 158O

feet or higher) or Sebow Reservoirs on Tenmlle Creek, and a large Panther

Reservoir (surface elevation 60O feet) on the East Branch, would have

potential for enhancing king salmon spawning areas in the lower South

Fork Eel River.

5. If water tenrperatvires are s\aitable, downstream releases in

excess of 100 cfs after October 1 each year would allow anadromous fish

to migrate into the South Fork Eel River and distribute thenselves through-

out the drainage prior to the first major rains and thereby substantially

lengthen the river sport fishery.

6. Large releases for flood control or local water supply may

be incoBopatible with significant downstream fisheries enhancement, and

might preclude successful fish maintenance, because such releases woiild

rapidly deplete the limited hypolimnion water in the proposed reservoirs.

Recommendations

1. Due to the proposed extensive development of the remainder

of the Eel River Basin, any water project development in the South Fork

drainage should be directed at increasing production of salmon and steel-

head, eind improving the river sport fishery in preference to other possible

project piirposes. These resources make an important contribution to the

economy of the area, which is rapidly becoming recreation-based.

-160-



Appendix C

2. A watershed management program, including flood plain zoning,

should be developed for the South Fork Eel River drainage to preserve the

natural beauty of the area, while reducing flood damage to private property,

and avoiding the need for large and expensive flood control projects. Such

a program would assist measurably in developing the fish, wildlife, and

recreation potential of the basin.

3. Prior to authorization of any proposed project, additional

study should be completed to more accurately inventory the fish and wild-

life resources, and to more precisely define the measures required for

preservation or enhancement of these resources. Specific areas of further

study shovild include:

a. An inventory of the anadromous fish spawning in the
project areas in order to size and design required
artificial propagation facilities. This could prob-
ably best be accomplished by tagging and spawning
ground surveys. Similarly, more detailed surveys of

wildlife populations and habitat would be required to

more accurately define mitigation methods and costs.

b. A competent study by a recognized authority should be
made to more accurately predict water temperatures in
the proposed reservoirs and to determine the rate of
downstream warming. Becaiise water temperatures covild

be a major problem in the operation of artificial pro-
pagation facilities and in providing downstream enhance-
ment, these teirperature studies shoiild be completed prior
to initiation of the feasibility level investigation of
the projects so the resvilts woxild be aveiilable during
the fishery evalviation.

c. More accvirate estimates should be obtained of the numbers
of downstream migrants and juvenile salmonids residing
in the streams xonder study. Enimieration of standing
crops of juvenile salmonids in good nursery areas should
also be undertaken to more accurately define potential
benefits resulting from improved nursery flows.

d. Increased emphasis should be given to the problem of
defining potential benefits associated with increasing
spawning area for king salmon in the lower South Fork
Eel River. This could be acconiplished by s\irveys to

determine the niomber, size, and quality of spawning
riffles, and additional measxirements of the relationship
between streamflow and visable spawning area.

e. A survey should be made to determine land ownership and
potential access problems in areas which could receive
increased angler use attributed to the proposed projects.
It may be necessary to pxirchase land or easements and
to provide facilities to support the predicted vise.
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UTORODUCTION

The California Water Plan, described in Bvilletin No. 3 of the

Department of Water Resovirces, proposed the construction of small storage

reservoirs in many noirth coast drainages where major export projects were

not planned. Such projects coiild meet local requirements for irrigation,

urban, and industrial water supplies, and might also provide fish, wild-

life, and recreation enhancement along with incidental flood control.

In compensation for the loss of stream fishing area through the

construction of major reservoirs in the Eel River basin, the Plan en-

visioned that the South Fork Eel River coiild be developed solely for

enhancement of the anadromovis fishery and general recreational potential.

Figure 1 indicates the relationship of the South Fork and its proposed

reservoirs to the major export projects planned for the Eel River basin.

The recreation service industry ranks second to the forest

products indxistry in the economy of the South Fork basin at the present

time, and will become the major business in the near future.

Since the fish and wildlife resources of the area support a

large portion of the recreational use, proposed water project development

should be directed at maximizing the fish and wildlife enhancement po-

tential of the basin.

Scope and Objectives

This report was prepared to provide preliminary information

regarding the fish and wildlife resources affected by water projects pro-

posed for the South Fork Eel River basin. It is based on limited recon-

naissance stvidies conducted as part of the preliminary planning phases

of the South Fork Eel River Investigation. The Department of Water

Resources is evaluating several possible projects during this investi-

gation, considering the ptirposes of recreation, local water supply, flood

control, and fishery enhancenent. Based on this preliminary evaluation,

favorable projects will be recommended for more detailed study and deter-

mination of economic feasibility. The fish and wildlife studies were

conducted by the Contract Services Section of the Department of Fish and

Game under variovis interagency agreements with the Department of Water
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Resoiirces. Due to the reconnaissance natiire of this investigation, further

studies -will be required to provide final recommendations for the preser-

vation gmd enhemcement of fish and wildlife.

FISH AND WILDLIFE RESOURCES

Fish

The South Fork Eel River drainage supports sizable runs of king

salmon, silver salmon, and steelhead trout. Both species of salmon con-

tribute significantly to sport suad commercial ocean fisheries, while the

large river sport fishery is based mainly on steelhead.

All of the streams being studied for possible water projects

are important spawning and nursery areas for king salmon, silver salmon,

and steelhead. Life history details of these species were described

in Appendix C to Bulletin No. 92, "Branscomb Project Report", and

Appendix C to Bulletin No. 136, "North Coastal Area Investigation", and

need not be repeated here.

The numbers of anadromovis fish spawning in the South Fork Eel

River drainage above Benbow Dam since 1938 are indicated by counts of

fish utilizing the fish ladder. These counts do not, of course, reflect

the production of fish below the dsim, nor do they indicate the number of

fish utilizing the various tributaries where dams are proposed.

The salmon and steelhead runs above Benbow Dam have declined

significsuitly since 1952. Numbers of king and silver salmon have dropped

to about one-third the level of abundance prior to 1952. The counts of

steelhead are slightly more than two-thirds the pre-1952 level. This

serious decline is generally attributed to poor watershed management

practices, especially careless logging, extensive road building, and

overgrazing by livestock.

Wildlife

The wildlife habitat of the South Fork Eel River drainage is

generally characterized by stands of coniferous timber interspersed with

grass, woodland-grass, various types of woodleind, several forms of chapar-

ral, and occasional agricultural leuids. This variety of habitat types
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provides for considerable variation in both resident and migratory wild-

life species. Yocom and Dasmann (1957) present a good resiime of the plant

and wildlife species fovuad in the area.

Most of the coniferous timber in the drainage has been logged,

res\alting in the various stages of regrowth leading to climax timber

conditions. Logging usvially increases the wildlife carrying capacity of

these lands for a time, but the capacity gradvially decreases as the habi-

tat approaches climax conditions. The areas surveyed during this investi-

gation were in various stages of succession, and the wildlife population

estimates are therefore subject to change.

Livestock use has affected the areas surveyed, and vindoubtedly

has had some effect on wildlife numbers. Some areas showed evidence of

overuse by livestock which has probably contributed to range decline.
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PROJECT DESCRIPTIONS

The several alternative projects studied during this investi-

gation are located in Mendocino and Humboldt counties near Laytonvllle

and Garherville. All lie either on the South Fork Eel River or one of

its tributaries. Table 1 describes the general features and location of

the various possible damsites. Figure 2 graphically indicates the location

of each damsite in relation to the South Fork Eel River.

TABLE 1

DESCRIPTION OF POSSIBLE SOUTH FORK EEL RIVER BASIN PROJECTS

Reservoir Stream

Surface
Elevation

Section (feet,MSL)

Dam Surface Gross
Height Area Storage
(feet) (acres) (AF)

Stapp i/
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POTENTIAL FISHERY LOSSES AND SUGGESTED MITIGATION

Any of the proposed projects wo\ild block and inundate valiiable

salmon and steelhead spawning and niirsery grounds lying upstresjn from the

dams. The distribution of anadromovis fish habitat in relation to the

proposed projects is illustrated in Table 2. Estimates of the anadromous

fish popiilations historically spavming above the proposed damsites are

presented in Table 3'

Recommended downstream releases listed in Table 4 would improve

areas below the dam to partially mitigate for upstream losses. These

downstream flows, with construction of additional king salmon spawning

area and artificial rearing facilities for silver salmon and steelhead,

would maintain the anadromous fishery resources of the affected streams.

Sebow ajid Panther Reservoirs would require relatively large artificial

propagation and rearing facilities because of the numbers of fish affected

and the limited stream areas remaining below the damsites. Estimated

capacity sind costs of these facilities are shown in Table 5'

Due to the relatively limited volimies of water having suitable

temperatvires for maintenance emd enhancement of the fishery resovirces,

it is possible these reservoirs may have serious water temperature problems

at times, even if the reservoirs are operated solely for recreation, fish,

and wildlife. This possibility will require thorovigh evalviation in future

studies.

All of the Tenmile Creek projects except Sebow Reservoir would

have serious water temperature problems if constructed at elevation 1,5^

feet. Stapp Reservoir would present serious downstream fishery probleas

at any proposed elevation due to its shallow depth and small capacity.

These possible projects woxild have an inadequate voliome of 50-60°F water

to operate the artificial propagation facilities and to maintain satis-

factory conditions in the downstresun nursery areas. If constmcted at

elevation 158O or higher, Streeter, Cahto, or Sebow Reservoirs wo\ild

probably have suitable water to maintain the fishery resources, although

the water supply from Streeter or Cahto Reservoirs may be questionable in

dry years. If future studies indicate that Streeter or Cahto Reservoirs

would not provide suitable water to operate the artificial propagation
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TABLE 2

ANADROMOUS FISH HABITAT
LYING ABOVE PROPOSED

SOUTH FORK EEL RIVER PROJECTS

Potential Existing
Spawning , Nursery -

Area i/ Percent Area =J Percent
(Square Feet) (Above Daaslte) (Miles) (Above Damsite)Project

Tenmile Creek Total
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TABLE k

RECOMMENDED FISHERY MAINTENANCE RELEASES
BELOW PROPOSED

SOUTH FORK EEL RIVER PROJECTS 1/
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facilities and successfully maintain the dovnstreajn fisheries, then Sebow

Reservoir would be the most favorable development.

Panther Reservoir (600 feet), and Frost Reservoir (7OO feet)

would probably have adequate volumes of cool water even when drawn down

as much as 20 feet in the late summer. At the 500 foot elevation. Panther

Reservoir woiild lack adequate depth to maintain suitable water tenrperatures

in its lower strata. Therefore, it is doubtful that the fishery resources

of the East Branch covild be maintedned with a reservoir constixicted at

this elevation.

Any of the proposed projects would inundate several miles of

stream and eliminate some stream fishing opportunity. Existing angler-

xise of the project areas is based on juvenile salmonids and is restricted

largely to the months of June and July, when these fish are most available.

Present angler-use is very light, and for the pruposes of this analysis,

will be considered negligible.

Tenmile Creek flows through private property and is not open

to the public; therefore, it was assiomed that the area below the proposed

projects would be closed to all fishing as a salmon and steelhead nursery

area. However, the stream section below Standley Reservoir, although

generally posted against trespass, is accessible to anglers sjid was assumed

to be open to fishing, as was lower Redwood Creek below Frost Reservoir,

and the East Branch below Panther Reservoir.

Relatively large summer flows below these projects would attract

large numbers of trout anglers because virtually all other streams in the

project areas become very low or intermittent during the summer months.

The majority of juvenile silver salmon and steelhead are small and are not

particiilarly satisfying to catch, so it is likely pressiires will be gen-

erated to supplement natiiral production with plants of catchable-sized

trout. This will create problems both from the standpoint of supplying

catchable trout and the added fishing pressure on juvenile salmon and

steelhead required to maintain the adult runs.
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PCWCENTIAL WILDLIFE LOSSES AMD SUGGESTED MITIGATION

The potential reservoir sites vere svirveyed to determine possible

wildlife losses. Inundation of the better lands along the streams would

eliminate these areas for wildlife. Estimates of existing deer use are

presented in Table 6. The deer in this area are nonmigratory. Mo spe-

cieLL range problems were discerned, except for the possible loss of better

quality forage produced on alluvial soils near the stream bottoms. A

review of deer herd management data and field contacts indicate that deer

herd numbers are low at this time.

Preservation of wildlife or mitigation for wildlife losses wLll

be largely governed by the soil and habitat types in the area. Recreation

development site limitations may conflict with wildlife mitigation pro-

posals. No attempt is made in this report to specify locations or methods

for mitigation. This problem will require further study at the next level

of investigation. At this time it appears that mitigation in the Laytonville

area could be tied to nearby public lands by improving access, consolidating

land holdings, £ind developing some wildlife habitat. The acquisition and

development costs in Table 6 are presented to provide a basis for estimating

wildlife mitigation costs. These figures may be modified with completion

of a specific mitigation plan. Most wildlife species are expected to bene-

fit from the mitigation proposals.
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TABLE 6

ESTIMATED DEER USE AND MITIGATION COSTS
SOUTH FORK EEL RIVER PROJECTS

Elevation Deer-Days Land Acquisition Development Annvial .

Reservoir (feet,MSL) Use Reqxiired Cost i/ Cost 2/ & M 3/

(Acres)

TenmHe Creek
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POTENTIAL FISHERY ENHANCHyiENT

With the proposed development of most major drainages in the

Eel River Basin, maintenance of the fish and vildlife resovirces will be

difficult- The loss of many miles of stream fishing area will be partic-

ularly serious because of increasing demand for this type of recreation,

and its irreplaceable nature. Therefore, as suggested in the California

Water Plan, water project development of the South Fork should be directed

at enhancement of the salmon and steelhead fisheries, and general rec-

reation in preference to other possible project pvtrposes.

Development of a watershed management program, including flood

plain zoning, for the South Fork Eel River Basin is an essential part of

increasing the fish, wildlife, and recreation potential of the drainage.

Such a program would allow preservation of the natural beauty of the area,

while reducing flood damage to private property, and avoiding the need for

large flood control projects which would reduce fish and wildlife habitat.

There is already considerable public ownership along the South

Pork in park lands and highway frontage. In addition, many miles of

stream are open to the public even though the riparian lands are private.

However, it may be necessary to provide additional permanent legal access

and facilities to accommodate increased angling use attributable to the

proposed projects. This possibility could be part of a flood plain zoning

program and shoxild receive additional study.

The potential for fish and wildlife enhancement associated with

the proposed South Fork Eel River developments is discvissed in the following

sections. While the proposed projects would remove areas lying upstream

from the damsites from anadromous fish production, they may have potential

for enhancing downstream fisheries by increasing flows at critical times

diiring the year. For example, downstream releases dviring the summer months

coiild be increased several times over the historicsLL flows and thus provide

improved nxirsery area for several miles below the dams if water temperatures

are suitable. Attraction, migration, and spawning flows could also be

increased and stabilized during the fall months. In addition, the reser-

voirs would support fisheries for resident trout and warmwater species.
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Reservoir Fisheries

Construction of any of the proposed projects wovild create new

reservoir fisheries. Studies of similar existing north coastal reservoirs

(Mendocino and Pillsbury) indicate that water temperatures are horderline

for trout diiring the late summer months. These reservoirs are not partic-

ularly productive for warmwater species. Since fish grow fastest near the

top of their temperature tolerance range, reservoirs that can be managed

with either trout or warmwater fish are probably better suited for trout.

A Tenmile Creek project would support trout although there are

already warmwater species in the drainage, which woxild inhabit the res-

ervoir. Standley Reservoir woxild also be predominately a trout fishery,

with a temperature regime similar to Lake Pillsbury. Warmwater species

would likely dominate Panther and Frost Reservoirs, although water tem-

peratvires would not be optimum for either warmwater or coldwater species.

Large populations of warmwater species in the South Fork Eel River basin

would not be desirable, because they wovild supply a constant source of

predatory fish to the lower drainage. Effects of this predation and com-

petition for food and habitat with juvenile salmonids csumot be evaluated,

but should be recognized.

Reservoir fishery yields for the proposed South Fork projects

were estimated using Lake Pillsbiiry £ind Lake Mendocino as examples. The

upper South Fork and its tributaries are slightly lower in basic nutrients

than the basins of the existing reservoirs, but the proposed reservoirs

should support similar productivity levels due to lower turbidity and more

stable water surfaces. Panther Reservoir would be an exception to this

general statement. The East Branch is consistently more turbid than the

other streams proposed for development and Panther Reservoir wovild be

correspondingly less productive than the other proposed projects.

Estimated maximum annvial yields of game fish and" potential

angler-vise for the proposed projects are shown in Table 7- Recreation

studies indicate that ajigling demand may approach or exceed these levels

in the first decades. However, the reservoirs would not mainteiin satis-

factory angling at higher levels of use than those indicated in Table T,

without intensive management of some kind, e.g. stocking catchable-sized

fish. Funds for such intensive managonent should come from some source

other than the Fish and Game Preservation Fund.
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TABLE 7

ESTIMATED POTENTIAL YIELD AND ANGLER-USE
FOR PROPOSED

SOUTH FORK EEL RIVER PROJECTS

Project
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Downstrearn Nursery Enhaxicement

The artificial propagation facilities and downstream releases

described previously would maintain the existing fishery resoxirces of the

affected drainages. However, larger summer releases of cool water from

the proposed reservoirs could create additional nursery habitat for juvenile

steelhead and silver salmon. The abvmdance of these species is not usually

restricted by spawning area, but by the quantity and quality of the nursery

area. Therefore, additional nursery area would result in increased numbers

of downstream migrants, additionial adult fish in the sport and commercial

fisheries, and a larger spawning run. A brief description of the down-

stream enhancement potential of the proposed reservoirs follows. Table 8

indicates the enhancement possible with various summer flows frcm each

project.

Due to its small size and capacity, Stapp Reservoir wotild have

an inadeqixate vol\ame of cool water to provide downstream nursery enhance-

ment at any elevation. In fact, as discussed previously, it is doubtful

if the existing fishery resources could be maintetined with this project.

At the 1580 foot elevation Streeter or Cahto Reservoirs may have sufficient

cold water to provide downstream releases up to 20 cfs during the stammer

months, except during exceptionally dry years. At lower elevations, there

would be no enhancement potential. Sebow Reservoir, constructed at either

elevation 1580 or 15^> would have a relatively large volvmie of cold water

and could provide flows in excess of 20 cfs throughout the critical summer

months

.

Because of its location, the downstream niirsery enhancement

potential of Panther Reservoir is limited. Only about I-I/2 miles of the

East Branch lie below Panther Damsite. It is doubtful that flows of any

reasonable magnitude would have a significant effect on the temperature

regime of the South Fork Eel River below Benbow Dam.

Lower Redwood Creek, covild be significantly improved as a salmon

and steelhead nursery area with flows of 15 or 20 cfs from Frost Reservoir

providing water temperat\ires are suitable.

Fishery studies of the Standley project were limited and did not

include determination of optimum spawning flows below the damsite. However,

stream surveys of the reservoir basin and the South Fork Eel River immediately
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TABLE 8

POTENTIAL DOWNSTREAM FISHERY ENHANCEMENT WITH SPECIFIED SUMMER RELEASES
SOUTH FORK EEL RIVER PROJECTS
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below the proposed damsite indicated that there is rovighly as much potential

spairmlng area in the first two miles below the damsite as would be blocked

and inundated by the reservoir. The surveys clearly showed that spawning

area is abvmdant in the upper South Fork and its tributaries, emd the

factor limiting fish production appears to be low summer flows.

The upper South Fork below Standley Damsite is a narrow stream,

fairly well shaded by riparian vegetation. It is fed by several live

streams which add cool water even during the summer months. Due to these

conditions, a summer release of 5-10 cfs (55°F) from Standley Dam co\ild

provide suitable habitat conditions for juvenile salmon and steelhead

downstream to the mouth of Jack of Hearts Creek, a distance of about 12

miles. The carrying capacity of this section of streeun wovild be increased

several-fold, resulting in significant downstream fishery benefits. Un-

fortunately, recent geological studies have indicated that 1880 feet may

be the highest elevation a dam could be constructed at the Standley site.

This wovild resvilt in a small reservoir with only limited potential for

downstream enhancement.

Early Entry

As desciabed in Bxilletin No. 92, the benefits that could be

obtained by providing adequate flows to allow early entry of king salmon

into the South Fork Eel River are not clear. Although king salmon are

\is\ially vinable to migrate upstream from the estuary prior to the first

major rainfall, this delay may not seriously affect their spawning effi-

ciency, except in extreme sitviations. Based on present knowledge, it

appears that increased downstream releases in excess of 100 cfs, which

would ensxire flows of 15O cfs or more at the Miranda gage, coupled with

lower water temperatures that normally occur by mid-October, would allow

king salmon to migrate into the South Fork Eel River.

The major economic benefit provided by firm early flows would

result from a substajatlal increase in the river sport fishery for salmon

and steelhead. Under present conditions, this fishery is concentrated

in the lower main Eel River below the mouth of the Van Duzen River until

the first major rains increase flows euiequately to allow upstream migration.

This usually occurs about mid-November. The frequency and intensity of

storms during late November and December often keeps the river too turbid
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for successful angling except for brief periods. Usvially, there are only

about ten days to two weeks each year when salmon are in the South Fork

and the river is fishable. Thus, early flows which would allow salmon

and steelhead to migrate upstream and distribute themselves throughout the

South Fork could easily double the niimber of days when the river is fish-

able and thereby increase potential angling-use for salmon and steelhead.

This would meeui anglers in distant metropolitan areas could

travel to the South Fork Eel River with reasoiiable assurance of finding

good fishing conditions. Under present conditions it is very vincertaln

from day-to-day if the river will be fishable, once fish are in the river.

A reliable and inrproved fall sport fishery would lengthen the recreation

season in the area, resulting in obvious economic benefits to the local

recreation service industry.

The California Fish and Wildlife Plan indicates that salmon and

steelhead fishermen now expend about l8,(XX) angler-days annually on the

South Fork Eel River. With suitable early fall flows, it is reasonable

to expect that this vise covild double or triple within a few years.

Increased summer and early fall flows from the projects might

also Induce "half-pounder" steelhead to enter the South Fork earlier in

the fall, th\xs lengthening the angling season for these fish. However,

the effect of Increased use on this fishery is unknown.

Increased Spawning Area

Regulated flow releases from the proposed projects during the

spawning season would provide additional spawning area for king salmon,

especially during dry years. Siistained flows could Increase numbers of

king salmon by resulting in a better distribution of spawning salmon

thro\aghout the drainage, and reducing the number of eggs stranded when

flows drop between storms. During very dry years when there is insuffi-

cient rainfall before late December or early January to allow king salmon

to reach desirable spawning areas in the upper drainage, many salmon spawn

in lower reaches of the river where the Incubating eggs are more vulnerable

to scouring from later floods. Early flows would greatly Improve spawning

conditions In these years.

An analysis of mean dally flows in the South Fork Eel River near

Miranda for the months of October, Novanber, and December, indicates that
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fim si>avning flows of about 500 cfs at Miranda would provide approximately

ii0 percent more spawning area than existing natural flows. Assuming that

the Mng salmon popvilation will expand to utilize the additional spawning

area, the existing runs of Mng salmon may be expected to increase by

roughly kO percent. Studies leading to Appendix C, Bulletin No. 136,

indicated an historical average spawning run of approximately 10,000 king

salmon in the South Fork Eel River below Tenmile Creek, excluding tribu-

taries. Therefore, the maximum potential increase in the spawning run is

estimated at 4^,000 king salmon. Table 9 indicates the enhancement potential

at variovis spawning flows.

TABLE 9

POTENTIAL DOWNSTREAM FISHERY ENHANCEMENT
FROM PROVIDING FIRM SPAWNING FLOWS FOR KING SALMON

Downstream Release Minimum
From Combined

Proposed Projects Streamflow
(Oct. 1 - Dec. 31) at

Miranda Gage

Potential King Salmon

Increased Increased Increased Increased
Spawning Commercial Ocean River

Run Catch Sport Sport
Catch Catch

Cahto
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POTENTIAL WILDLIFE ENHANCEMENT

Ho significant wildlife enhancement is anticipated. Reservoirs

with stable water levels would replace some of the existing wildlife habi-

tat with a different kind attractive to species of wildlife associated

with lakes. Development of a mitigation program may provide some inci-

dental enhancement.
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